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""^Executive  Order  12003,  requires  that  all  federal  activities 
reduce  their  energy  consumption  by  20%  from  fiscal  year  1975 
by  fiscal  year  1985.  The  Defense  Energy  Information  System 
(DEIS  II)  provides  a  system  of  measuring,  reporting,  and  com¬ 
paring  energy  use  levels  in  pursuit  of  that  goal. 

The  use  of  regression  and  time  series  models  of  energy 
use  were  examined  for  application  within  the  present  DEIS  II 
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system.  A  data  base  of  monthly  electricity  use,  gross  floor 
areas,  four  weather  variables,  and  building  area  category 
identification  codes  were  used  in  a  framework  study  of  12 
Naval  Regional  Medical  Centers.  Specific  methodologies  for 
model  development ,  interpretation,  and  application  to  a  control 
system  are  demonstrated  and  discussed. 
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Executive  Order  12003  requires  that  all  federal  acti Ti¬ 
tles  reduce  their  energy  conception  by  20*  froa  fiscal  year 
1975  ass  by  fiscal  year  1985.  The  Defense  Energy 
Inforaation  Systea  for  shore  activities  (DBXS  ZZ)  prorides  a 
systea  of  aeasuring,  reporting,  and  coaparing  energy  ose 
levels  in  par  salt  of  that  goal. 

The  ose  of  regression  and  tins  series  aodels  of  energy 
ose  were  exaained  for  application  within  the  present  DEIS  zz 
systea.  1  data  base  of  aonthly  electricity  ose,  gross  floor 
areas,  foar  weather  variables,  and  bail ding  area  category 
identification  codes  were  ased  in  a  fraaevork  study  of  12 
Baval  fiegioaal  Bedieal  Centers.  Specific  aethodologies  for 
aodel  developaent,  interpretation,  and  application  to  a 
control  systea  are  demonstrated  and  discussed. 
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Prior  to  1WJ,  energy  see  considered  an  inexhaustible 
and  expendable  sat  pi  7.  It  was  an  inexpensive  coasodltj. 
Baring  the  par  led  batman  1950  and  1973  the  pc  lea  of  aost 
energy  products  iaeraasad  loss  rapidly  than  tbo  pries  of 
otkar  coenodities.  Zn  fact*  in  toms  of  1976  dollars#  tbs 
rssl  pries  of  energy  ***  actually  declining.  The  real  price 
of  residential  electricity  fell  by  55%  (S20- 30/hbtq  to 
Sft.9S/Sa»l|#  that  of  gasoline  by  21%  (63.0/gal  to  09. 7/gal)# 
and  that  of  natnral  gas  by  20%  (02.01/09911  to  01.60/BBT0) 
fief*  1).  k  large  popnlation  of  observers  reasoned  that 
energy  deeands  are  deterained  by  technological  progress  and 
aconoeic  growth.  She  iaplicit  assumption  was  that  the  price 
of  energy  had  a  negligible  in  pact  on  the  nse  of  energy. 

he  predicted  by  the  first  las  of  econoaie  deaand# 
decreasing-  energy  prices  encouraged  consaaption.  By  1973# 
bargain  priced  electricity  had  iaeraasad  in  per  capita  ase 
by  350%.  isos  dranatic  declines  la  natnral  (pis  resalted  in 
pec  capita  consaaptioa  increases  of  60%  (Bef.  2],  The 
Baarlcaa  automobile  became  heavier  and  aore  powerful  as  fuel 
eco  no  ay  becane  less  of  a  considoration. 

Bull  diageo  Detraction  was  also  affoctod  by  tho  price  of 
energy.  Buildings  wore  designed  and  constructed  priearlly 
with  initial  costs  ia  Bind.  Construction  tutorials  worn  not 
selected  on  tho  basis  of  insulation  gualitioa.  lesthetics 
favor od  largo  vlndov  nreas.  siting  van  basod  oa  factors 
other  than  tbo  bomofits  of  solar  position.  Tho  result  vas 
the  creation  of  a  vast  iavontory  of  consorcial  buildings 
ehiefe#  by  todnyve  standards#  ntiliso  oxcossivo  amount s  of 
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energy.  Coaaercial  building  a  today  account  for  approxiaately 
Bt  of  our  national  energy  asa  [lef.  3].  This  prasant  inven- 
tory  is  being  raplacad  at  tha  rata  of  only  2-3*  par  yaar. 
Tha  sajority  of  axis ting  buildings  for  sany  yaars  to  coaa 
will  ba  thosa  which  vara  originally  not  dasignad  with  anargy 
conservation  in  aind. 

Tha  1973  Arab  oil  as bar go  abruptly  andad  daclining  raal 
anargy  pricas.  Tha  affact  on  supply  and  tha  soaring  anargy 
pricas  shoe had  tha  world,  dispalling  tha  baliaf  in  an  inex- 
haustibla  and  axpandabla  supply.  Boreover,  tha  baliaf  in 
vartical  supply  and  dasand  curves  was  racognizad  as  erro- 
naous.  lith  tha  sharp  risa  in  anargy  pricas,  anargy  usa 
daclinad.  Zn  accord  with  tha  sacond  lav  of  aconoaic  dasand, 
tha  casponsa  was  graatar  in  tha  long  run  than  in  tha  short 
run.  Tha  initial  rasponsa  was  ralativaly  vaak  as  lights 
wars  turns d  off,  tharaostats  rasat,  and  fawar  alias  vara 
driwan.  In  tha  two  yaar  pariod  froa  1973-1975,  par  capita 
usa  decreased  by  7*;  national  anargy  usa  dropped  by  5* 
[kef.  a].  Long  range  rasponsa,  hovawar,  raguirad  aora 
capital  inwastaant  and  tiaa  for  iapleaentation.  Additional 
building  insulation,  installation  of  aora  foal  afficiant 
aachinary,  and  purchasa  of  saallar  cars  vara  a.  fav  of  such 
longar  ranga  rasponsas. 

Bora  than  an  appliad  lasson  in  aconoaic  laws,  tha  fual 
crisis  daaonstratad  how  raliant  Aaarican  sociaty  had  bacoaa 
on  foraign  oil.  such  ralianca  was  racognizad  as  a  thraat  to 
tha  national  sacurity.  Tha  federal  gowarnaant  initiated 
pro  grass  to  bacoaa  lass  dapandant  upon,  if  not  totally  inda- 
pandant  froa,  foraign  oil.  Such  pcograas  callad  for  sharp 
raductions  in  usa  and  tha  dawalopaant  of  altarnata  anargy 
sou re as.  But  such  a  national  appaal  could  not  overlook  tha 
fact  that  tha  fadaral  gowarnaant  itsalf  was  tha  largest 
single  anargy  user  in  tha  nation,  consuaing  aora  than  tha 
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coabined  total  of  tha  five  largest  private  users  of 
energy— O.S.  Steel,  Onion  Carbide,  Self  oil.  International 
Paper,  and  General  Botors  Corporation.  FT  1978  federal  nse 
accounted  for  2.2%  of  the  national  nse  [Kef.  S ].  The 
federal  appeal  to  conserve  energy  precipitated  a  "physician, 
heal  thyself"  role. 

B.  ISSUES 

To  achieve  an  objective,  one  aust  first  define  the 
objective,  setting  goals  is  very  iaportant  in  Meeting  the 
objective.  The  objective  aust  first  be  realistic.  If  set 
too  low,  the  systea  will  not  realize  its  full  potential.  If 
set  too  high,  the  systea  aay  even  waste  resources  and  effort 
trying  to  achieve  the  unattainable.  It  aay  tend  to  circua- 
vent  the  objective,  realizing  its  inability,  failing  to 
attain  even  an  optiaal  response.  Instruaental  in  achieving 
the  ultiaate  objective  is  setting  targets,  or  goals,  to 
direct  progress  and  efforts.  Such  goals  aust  also  be 
realistic  to  properly  drive  the  intended  systea  response. 

Once  goals  have  been  established.  Monitoring  provides  a 
aeans  of  assesssing  the  realities  of  the  goals  and  objec¬ 
tive.  The  effectiveness  and  efficiency  of  accoaplishaent 
also  becoae  aajor  iteas  of  concern. 

These  general  principles  are  applicable  to  the  federal 
energy  conservation  effort.  The  federal  governaent,  being  a 
large  energy  consuaer,  aust  play  a  aajor  role  in  achieving 
national  energy  reductions.  DOD  is  in  a  siailar  role  within 
the  federal  governaent.  In  FT  1975,  total  federal  energy 
use  was  over  1800  Billion  BBTO.  Baildings  and  facilities 
accounted  for  alaost  half  of  such  use  at  alaost  900  Billion 
BBTO.  DOD  use  represented  over  81%  of  the  total  federal 
energy  use.  Its  buildings  accounted  for  over  67%  of  the 
total  federal  building  energy  use.  Consequently,  strong 


attention  has  been  given  to  reducing  energy  nee  in  federal 
buildings  and  facilities. 

Initially,  federal  goals  and  objectives  were  established 
relative  to  total  energy  nae  in  FT  1973.  As  reporting  and 
aonitoring  s yet ess  sere  refined,  short  range  targets  gave 
way  to  foraalized  planning.  A  foraal  plan  was  officially 
instituted  by  President  Carter  with  the  issuance  of 
Executive  Order  12003  of  July  20,1977.  Defining  FT  1975  as 
the  baseline  year,  and  defining  objectives  and  targets  in 
terns  of  energy  use  per  square  foot  of  floor  space 
(HBTO/SF) ,  target  percentage  reductions  through  FT  1985  were 
specified  vithin  the  federal  sector.  Defense  Energy  Prograa 
Policy  fleaorandua  (DEPPB)  Bo.  78-2  of  1  March  1978  foraally 
iapleaented  these  goals  vithin  DOD.  the  following  goals  for 
building  use  were  directed: 

1.  A  201  reduction  in  average, ,  annual  energy  use,  per 
square  foot  of  exls  ting„  Bail  dings  (constructed  or 


01  reduction  in  average, ,  annual  energy  use,  per 
square  foot  of  existing  Buildings  (constructed  or 
design  ooapleted)  by  FT  1985. 

1  reduction  in  average  annual  energy, use  reauire- 
s  ft*  .sguare  f  oot  or T  new  buildings  (design 
leted  after  the  date  of  proaulgatioa) . 


Defense  Energy  Policy  prograa  Besorandua  (DEPPB)  Bo. 
80-6  of  3  June  1980  extended  energy  goals  through  FT  2000. 
These  goals,  which  iapleaented  not  only  total  energy  use 
reductions,  but  targets  for  percentage  of  use  by  energy 
source,  in  5-year  phased  targets.  The  following  goals, 
relating  to  building  energy  use,  were  specified  relative  to 
the  FT  1975  baseline: 

By  FT  1985: 

1.  201  reduction  in  total  energy  use. 

2.  301  reduction  in  natural  petroleus  fuels  use. 

3.  101  of  total  use  for  solid, fuel  conversion  sources, 
i.e.,  coal,  solid  waste,  wood,  etc. 

1.  11  of  total,  use  ,  f ros,  renewable  sources,  i.e., 

geotheraal,  wind,  solar,  lovhead  hydropower,  etc. 

By  FT  1990: 


1.  251  seduction  in  total  energy  as*. 

2*  351  redaction  in  natural  petrol eua  fuels  use. 

3.  151  of  total  use  fron  solid  fuels  conversion. 

a.  51  of  total  energy  fros  renewable  sources. 

By  IS 95: 

1.  301  reduction  in  total  energy  use. 

2.  401  reduction  in  natural  petroleua  fuels  use. 

3.  201  of  total  use  froa  solid  fuels  conversion. 

4.  101  of  total  use  froa  renewable  sources. 

By  FT  2000: 

1.  .351  reduction  in  total  energy  use. 

2.  451  reduction  in  natural  petroleua  fuels  use. 

3.  201  of  total  use  froa  solid  fuels  conversion. 

4.  201  of  total  use  froa  renewable  sources. 

To  gain  a  perspective  of  tbe  extent  of  this  application, 
twenty  two  federal  agencies  owned  about  3.2  billion  sguare 
feet  of  floor  space  in  eoce  than  490,000  buildings  worldwide 
when  the  Executive  Order  was  issued.  DOD  was  the  largest 
single  owner  with  over  394,000  (80.61)  of  the  total  federal 
buildings,  totalling  sore  than  2.1  billion  square  feet  (681) 
of  the  federal  building  floor  space  in  FT  80.  The  total  DOD 
building  energy  use  was  691  of  the  total  use  in  all  federal 
buildings  (  Bef  •  6]. 

The  results  to  date  of  federal,  DOD,  and  DOH  efforts 
have  been  less  than  expected.  Tabla  1  shows  the  results  of 
their  efforts  to  date. 

The  reasons  for  this  lack  of  satisfactory  progress  need 
to  be  exaained  and  corrected  if  the  overall  201  objective  is 
to  be  reached.  One  explanation  night  be  that  the  goals  are 
unrealistic,  either  in  the  short  range,  or  in  the  final 
objective,  or  both.  knot her  explanation  sight  be  that  the 
i^leaentation  aethods  are  not  effective  or  efficient  enough 
to  produce  the  intended  results.  One  obvious,  although 
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iapractical  solution  for  aeeting  tho  energy  goals  is  to 
chsnasl  greater  capital  investaents  to  tho  basas  to  eliai- 
nato  tho  oost  iaofficioat  plant  inventory  and  roplaco  it 
with  noro  no darn,  energy  officiant  construction ,  or  aako 
aajor  conservation  effective  altorations.  obviously,  tho 
capital  resources  required  will  bo  a  significant  factor  in 
such  decisions.  Loss  dasirablo  actions  to  reduce  base 
operations,  or  even  close  down  bases  could  provide  other 
alternatives.  such  actions  assune  that  the  goals  are 
inflexible  and  realistic  in  nature.  With  the  assuaption  that 
the  energy  goals  are  realistic  and  feasible,  attention  is 
directed  to  the  effectiveness  of  the  ispleaentation  process. 
Can  the  current  leans  of  acconplishaent  be  expected  to 
achieve  the  objective,  or  are  aodifications  necessary  to 
iaprove  the  response? 

C.  POBPOSI  AID  SCOPS 

The  purpose  of  this  thesis  is  to  develop  nore  effective 
aetliods  of  evaluating  progress  toward  achieving  energy 


cca  Mr  ration  goals.  Although  tha  praaant  systas  is  quits 
functional,  its  simplicity,  pacaitting  soaa  laval  of  eoatrol 
for  tlia  vast  shora  activity  cosplax,  lias  inharant  pr  obi  ass 
that  can  distort  raportad  rasolts.  Tha  potaatial  iapaet  has 
financial  coaMgnancas  in  that  capital  invastsant  decisions 
can  ba  advarsaly  affactad  by  snch  distortions.  Tha  lisitad 
capital  rasoarcas  a  valla  bln  to  nndartaka  corractiva  projacts 
can  thus  ba  lass  than  affactivaly  channalad. 

Tha  aathods  prasantad  in  this  thasis  ara  a  fraaavork 
that  is  intandad  to  ba  ganaral  anoagh  to  ba  appliad  at  tha 
activity  laval,  or  functional  coaaand  laval,  sach  as  sajor 

claisants.  Tha  iatant  of  this  thasis  to  davalop  and  discass 

* 

tha  raalistic  applications  of  anargy  asa  nodal*.  a  briaf 
prasantation  of  concapts  of  thaory  vill  only  introdnea  tha 
raadar  to  tha  nacassary  basic  concapts  asafal  in 
andarstanding  and  intarprating  tha  basic  nathodology.  A 
coaprahansiva  traatsant  of  thaory  vill  ba  laft  to  taztbooks. 
In  ordar  to  b*  appliad  by  tha  eorporata  body  of  anargy 
nan  agars.  tha  nathodology  can  aot  ba  too  tachnical  or 
dapandant  on  thaoratically  oriantad  dacisions.  Tha  intant 
hara  is  to  show  tha  sajor  alasants  of  asafal  nodals  to 
suggast  working  tools  for  ganaral  application. 

Tha  asa  of  cospatars  with  softvara  to  handla  tha  astaa r 
siva  ragrassion  and  tisa  sarins  calcalations  is  isplicit  in 
this  nathodology.  Tha  systas  asad  in  this  davalopsant  was 
tha  IBB  370  hard  war  a  with  tha  HXVXTAB  softvara  packaga. 
flllXTAB  is  a  tarsinal  oriantad,  statistical  packaga  daval- 
opad  at  tha  Pann  Stata  Onivarsity,  and  was  found  to  ba  flax- 
ibla  and  aasy  to  asa  vithoat  axtaasiva  pravioss  knowing#  of 
cospatars.  Tha  aathod  davalopad  harain  is  not  dapandant  on 
BXBXTAB,  hovavar,  and  is  raadily  adaptabla  to  various 
statistical  softvara  packagas. 


The  objective  of  the  proposed  nethods  is  to  identify  a 
asaas  of  forecasting  energy  use  to  iaprove  tho  effectiveness 
of  the  energy  aanageuent  prograe.  Tha  aodals  developed  sill 
have  advantages  and  disadvantages  in  particular  ait nations 
that  will  dataraiaa  actual  naaa.  Discassion  of  aodal 
charactari sties  will  danoo strata  such  applications. 

Tha  aathods  will  ba  dan oast ratad  within  tha  fraaawork  of 
electricity  nsa  at  Vasal  Bagioaal  Badical  Cantars  (BBHC). 
This  narrowing  of  scopa  will  allow  a  aora  concantratad  focus 
oa  tha  aathods,  without  uadua  confusion  craatad  by  introduc¬ 
tion  of  indigenous  issues.  selection  of  electricity  as  tha 
energy  type  was  based  on  its  aajor,  and  still  increasing, 
percentage  of  total  energy  use.  selection  of  tha  fiacs  as 
tha  suspla  was  uada  oa  tha  basis  of  tha  particular  charac¬ 
teristics  of  an  me,  such  as  hours  of  operation,  uniforaity 
in  aissiau  and  capabilities,  separata  siting  at  a  location, 
concentration  of  spaces  within  one  building  or  coupler  of 
buildings,  and  their  geographical  distribution  affording 
saapling  free  different  weather  rones. 

0.  SPSCZ7ZC  USBA1CH  QOB3TXOIS 

There  are  three  aajor  questions  that  will  be  addressed 
in  this  thesis.  The  first  question  is:  what  is  tha  iapact 
of  seasonal  weather  wariations  on  energy  use  in  fawal 
Begional  Badical  Canters?  lelatiwe  to  this  question  is  tha 
iapact  of  such  affects  on  established  baselines  and 
subsequent  energy  use  evaluations  for  BBSCs  as  well  as 
application  to  other  types  of  activities. 

The  second  question  is:  what  are  the  effects  of 
categories  of  use  oa  total  energy  use?  Zt  is  intended  to 
deteraine  whether  particalar  functional  uses  of  a  building 
can  be  identified  with  a  standard  coefficient  of  use  for 
each  type  of  functional  use. 


The  final  question  is:  can  tha  rt salts  ba  used  to  deter- 
aina  a  a  at  hod  for  aatabliahing  a  control  system  to  identify 
raaliatic  goals  and  actual  energy  conserved? 

B.  ■ZXBODOLOOT 

Development  of  proposad  aathods  of  foracasting  anargy 
oaa  will  ba  accoapliahad  in  two  phases.  Tha  first  phasa 
will  dawalop  foracasting  aodals  for  wnargy  consaaption  using 
regression  aodals  and  tiaa  series  aodals.  Models  will  ba 
daw el oped  for  each  of  tha  indiwidual  activities  as  wall  as 
for  tha  total  study  group. 

Tha  regression  aodal  will  asanas  four  predictor  varia¬ 
bles:  average  aonthly  teaperature,  aonthly  heat ing/cool lag 
degree  days  (sua  of  tha  departures  of  daily  naan  teapera- 
turas  froa  tha  base  6  5  degrees  P.) ,  and  aonthly 
precipitation  totals.  Buaidity  was  felt  to  ba  an  additional 
factor  of  consideration.  This  data  was  not  as  readily 
available  froa  tha  Vaval  leather  Service  Detachaent, 
Asheville,  I. C. ,  of  tha  laval  Oceanic  and  ltaospheric 
Administration  in  their  noraal  Station  Cliaatic  Summary 
publication.  Since  tha  aaphasis  herein  is  on  methodology 
vice  numerology,  it  was  felt  that  such  data  was  beyond  a 
reasonable  request  at  this  tine  for  the  courtesy  service 
provided. 

Both  types  of  aodals  will  be  used  to  develop  trends  of 
energy  use  per  square  foot  froa  the  established  FI  75  base¬ 
line.  The  models  will  be  used  to  coapare  projected  FT  81  use 
with  actual  use.  Forecasts  of  FT  82  use  will  be  shown. 

The  second  phase  of  analysis  will  attempt  to  deteraine 
standard  coefficients  of  use  for  electrical  consumption  by 
category  code  of  functional  use.  Data  analysis  will  be 
perforaed  by  regression  of  average  aonthly  electrical 
consumption  and  area  of  functional  spaces.  The  sain 


eapkasis  of  this  pkiM  will  bo  on  tho  baseline  dot*,  the 
dcvelopaeat  of  standards  of  mo  for  specific  category  codoo 
sill  bo  shown  as  o  aeaas  of  adjust  lag  basoliao  data  for 
obaagod  build lag  ases . 

Finally,  tho  rooaits  will  bo  evaluated  to  doaoastrato 
aoofaX  applications.  in  particular,  uoo  of  tko  developed 
forecasting  toebaiguos  la  a  a  control  systoo  sill  bo 
dse on st rated. 

P.  TB1SXS  OVttfXH 

Chapter  Z  introduces  the  reader  to  the  background  of  the 
federal  energy  challenge  aad  the  issues  involved  in  setting 
aad  aeetiag  energy  eoaservatioe  goals.  Chapter  ZX  discusses 
the  energy  conservation  pro gras  for  buildings  and  facilities 
vithia  the  level  Shore  Bstablishnent  vith  regard  to  the 
energy  conservation  approach,  the  inherent  isp lea on tat ion 
pro bless,  and  the  resources  available  to  achieve  the  desired 
results.  Chapter  XXI  presents  the  sethodolgy  proposed  in 
the  developaest  and  analysis  of  eodele  of  energy  use  for  the 
staple  uses  and  total  study  group  to  illustrate  the  appli¬ 
cation  of  the  developed  aodels.  Standards  of  energy 
eonsueptioft  for  categories  of  functional  useand  their  appli¬ 
cation  for  a  nodular  baseline  are  tsauiaed  in  Chapter  ZV. 
Chapter  f,  Su unary  and  Conclusions,  revievs  the  problens  of 
the  present  systea  of  evaluating  energy  reduction  progress, 
aad  discusses  the  advantages  of  the  particular  energy  use 
ncdels  vithia  a  control  syuten  franevork. 

Appendices  i-B  suaaa rise  the  aodel  developuent  for  each 
of  the  staple  sites  aad  total  study  group.  fhe  parallel 
structure  of  these  appendices  will  facilitate  a  con pari son 
of  results.  &  sunn  ary  of  forecMts  by  tiae  series  aodels  is 
presented  in  Appendix  v.  A  susaary  of  data  is  provided  in 
Appendix  0.  Statistical  tables  are  given  in  Appendix  f  as  a 
nee ns  of  ready  reference. 


Thna  fir,  it  has  ban  Aon  what  the  baildlag  ntr^ 
eoiMmtioi  ««ilf  tri.  Aiiiiig  that  tba  goals  art 
caaliatie  and  aaadatory ,  tbia  aaetloa  will  describe  tba 
iapleaeatatloa  of  tbasa  goals  within  DOI.  it  will  show  tba 
approach  takaa  by  001  to  iapaaa  tba  goals,  tba  aetioas  by 
tba  iapleaeatiag  eoaaaads,  aad  soaa  iabaraat  problaas  la  tba 
lMlaasatatioa* 


i.  fas  lppaoacB 

tba  basic  apprsacb  takaa  by  Bsecstlwe  Order  12003  was  to 
establish  a  total  asa  staadard  aad  to  specify  a  parcaatapa 
redaction  target.  Seoh  a  per oea tape  redactioa  was  la  tara 
allocated  to  tba  waxleas  da  part  seats.  DOI  la  tara  allocated 
each  target  per oeat  ages  to  Its  float  eoaaaads,  which 
ooatiaaed  tba  saballooatloa  by  percentage  goals  to  their 
coapoaeat  cases  ads,  or  aetiwitlee.  this  Is  a  siapla  aad 
basic  approach,  asd  a senses  that  every  oeasaad  is  capable  of 
ldsatifylag  its  energy  ases  aad  caa  taka  tba  accessary  steps 
to  redact  its  aaargy  asa.  Sy  wlrtaa  of  tba  also  aad 
coeplesity  of  tba  fawal  Shota  Istabllsbaaat,  aad  to  aa  awaa 
larger  esteat  too,  tba  approach  to  aaargy  coaserwatioa  has 
to  be  oaa  that  is  relatlwaly  sisple.  fo  gat  too  specific 
aad  exacting  weald  repair e  aa  awwa  greater  bare sacra tic 
act work  than  is  already  repaired  to  adaiaister  tba  prograa 
aad  weald  becose  wary  difflealt  to  aaaaga  effect iwely. 

The  type  of  aaargy  approach  la  asa  caa  geaerally  be 
ter  aad  aa  end-nae  restrict  lea.  Its  priaary  faces  is  in 
achieving  a  partlealar  gaaatity  liaitatioa.  It  allows  a 
relatlwaly  siapla  aeaas  of  establishing  goals,  aoaltorlag 


w 


progress,  sad  identifying  variance.  in  short,  it  provides  a 
■sans  of  iaMdiato  la  pact. 

Thara  ara  naa aeons  drawbacks  to  inch  an  approach, 
however.  Tha  vatioaal  Electrical  Hanufaetnrer's  Association 
(nil)  aakas  tha  following  critical  analjsis  of  tha  end-UM 
restrict  ion  approach:  CM*  7] 


The  .extent  .to  which  .a  aystea_  is  gsad  has  no 
nearing  on  its  arficie&cy:  .  If,  ,for  whatever 
reason,  a  systea  is  inefficient,  it  will  easts 

asTc'p  sb  %k 

which  produce  the  and- use  product,  ba.it  heating, 
cooling.  lighting,  etc.  la  other  words,  end-usa 
restrictions,  tend  to  ignore. the  pignifici 


Sc?* 

nysYsteas  ifttefrd 
staostat  in  winter 
Lon  of  aora  eaarff,  not  lass 
taps  and  luainairaa  can  sop 
.ion  of  energy  sources  which 
supply. 


can  soaatiaes  causa  consulp- 
not  lass.  Likewise,  renewing 
atiaes  cause  consuap- 
ace  in  tha  shortest 


By  way  of  contrast,  IBi  adwocates  an  altaraatiwa 
approach  called  Total  Energy  aaaagaaant  (TBH)  which  focuses 


lass  on  tha  end-uM  and  aora  on  tha  efficiency  of  use. 

describing  T8B  in  general  terM,  they  state:  •  ] 

considers  ewery  building  as  a 
To.  cpnsacya  east < 


la 


“•  ""V 


gnigua,  coupler  systea.  foL  ceasarya  energy  one 
first  east  understand  how  the  building  conhuaes 

SSSUS  "G5  f B1  'luntl'iitinunt  HSfB 

it.  end  no  on.  By  aadaratanding  how  a  specific 
building  , consul ee  energy,  .  one  can  sake  energy 
conMrwation  i  bp  row  spent!  which  can  be  Integra  tan 
into  the  systea  itself.  Then,  when  the  systea  la 

Bad.  it  rune  efficiently  ana  therefore  uses  the 
ant  a  fount  or  energy  to  gat  the  job  done, 
dpplicatioa  of  a,  wide  variety  of  end-use  energy 
Bonifications— which  are  in.  integral  elepent  or 
tieTTSB  concept  nan  applied  with  flexibility™ 
would  result  in  even  a ofa  savings. " 


From  a  aacro  eenee,  end-use  goals  are  necessitated  by 
the  scope  of  tha  buildings  involved.  Froa  a  aicro  view, 
i.a.,  tha  pertiealar  bases,  a  aora  flexible  approach,  sacb 
as  presented  by  TIB,  is  vary  feasible.  such  an  approach 
My,  or  My  sot  be  ia  use  at  tha  individual  bases,  or  its 
coapOMBt  coMaads,  already.  BeguireMnts  are  dictated 
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externally  only  ia  t he  setting  of  heating  and  cooling  teap- 
osntnro  standards,  dir set lag  the  arson tion  of  fanetions 
necessary  to  fulfill  aission  regalreaents,  and  gaidalinas 
foe  tha  protaction  of  life,  property,  and  saenrity. 

B.  HOVZTOBZV0 

Tha  Da  f  ansa  Bnargy  Info  ra  at  ion  Systaa  (DSZS)  was  estab- 
lishad  to  nonitor  total  anargy  nsa  within  DOD. 
s pacifically,  DEIS  zz  idantifias  anargy  nsa  in  tha  buildings 
and  facilities  of  tha  shore  activities.  &  aonthly  report  is 
seat  by  each  shore  ectlvitiy  which  identifies  its  anargy  use 
by  energy  source,  i.e.,  fuel  oil,  electricity,  natural  gas. 
ate.,  unit  cost  of  such  anargy  source,  and  explanations  for 
differences  fros  target.  leather  variations  are  often 
identified  as  tha  source  of  otherwise  unexplained 
difference. 

tho  reports  are  transeitted  by  sassage  to  iBBSi,  where 
they  are  co spiled  and  suaaarixed  by  activity,  type  coasaad, 
etc.  Feedback  suaaary  reports  are  provided  via  the  Bnargy 
audit  leport  (811) ,  showing  guarterly  results  for  each 
coasaad,  and  for  each  level  of  eoaaand.  For  exaaple, 
Coe  sender,  0.  3.  laval  air  Forces,  Atlantic  (ComviZBLAlT) 
weald  receive  a  suaaary  of  the  stations  under  its  eoaaand. 
The  next  echelon  of  eoaaand,  Coaaander-in~Chief,  ff.  S. 
Atlantic  Fleet  (CZI  CLAST  FIT)  would  receive  reports  for 
COIIAVIZBZ.1IT  as  well  as  the  other  type  coaaaaders  (TICOH) 
and  individual  stations  reporting  to  it. 

c.  a  iis&i suit 

The  scientific  nature  of  the  reporting  and  aonitoring 
efforts  say  lead  to  the  the  erroneous  conclusion  that 
aeasareaent  is  precise  and  fairly  routine.  to  understand 


the  liaits  of  such  data,  ths  nature  of  the  rsporti&g 
coa sands  and  ths  a sans  of  aeasucing  ass  nssds  clossr 
szaai  nation. 

A  bass  dsfiass  an  area,  or  groap  of  activities  andsr  ons 
gsnsral  coaaand.  Saeh  a  eoaaand  nay  bs  farthsr  broken  down 
into  opsrational  coa sands.  An  sxtrsas  cass  would  bs  ths 
lawal  Opsrating  Bass  (BOB) ,  Bor  folk,  Virginia.  flithin  ths 
fsaesd  psriastsr  of  ths  bass  ars  two  aajor  diwisions — ths 
Basal  Air  Station  and  ths  Basal  Station— identifying  air 
support  and  ship  support  functions.  However,  thsrs  is  no 
clsar  lins  of  dsaarcation  separating  ths  \.wo  functions 
within  ths  fsncsd  psriastsr.  Supporting  aetisitiss  aay  bs 
loeatsd  in  sithsr  or  both  gsnsral  areas.  Functions  such  as 
ths  industrial  Public  Works  Center  supports  all  of  ths  on 
bass  facilities,  as  wsll  as  facilitiss  off  bass,  such  as 
faaily  housing  and  BBBC  Portsmouth.  Bach  opsrational 
coaaand  has  its  own  aajor  cl  a  leant  to  which  it  rs  ports. 
Thus,  sswsral  sajor  claimants  ars  accountabls  for  diffsrsnt 
portions  of  BOB'S  total  ensrgy  use.  Thsrs  ars  a  largs 
nuabsr  of  such  on-base  individual  coaaands  ranging  froa 
staff  headquarters  to  a  Coaaunications  Station.  Further 
contributing  to  ths  complexity  is  ths  fact  that  diffsrsnt 
coaaands  aight  occupy  one  building  or  parts  of  sswsral 
buildings.  Sines  such  coauand  reports  its  energy  use  owsr 
its  assigned  floor  space,  measurement  of  ths  uses  within 
buildings  can  bs  difficult. 

By  way  of  contrast  to  ths  coeplsxity  of  BOB,  sous 
coaaands  occupy  a  coa pie te  building  in  an  off  bass  location, 
such  as  soae  BlBCs.  Inergy  use  is  aors  easily  identified 
and  measured  in  such  cases,  especially  if  the  building  is 
considered  as  a  single  metering  customer  by  ths  power 
coa puny. 


Ideally,  each  building,  if  not  Mich  component  use,  would 
be  metered  so  that  erect  asa  determinations  would  be 
simplified.  Unfortunately ,  energy  suppliers,  such  as  a 
poaar  coapaay,  considers  a  bass  as  a  singla  user,  its 
•star lag  responsibility  is  only  far  energy  delivered  "at 
tbs  fats".  Subeetering  bscoass  the  rssponsibility  of  the 
bass  itself.  Off  bass  locatioas  aay  be  astsrsd  by  the  poser 
coapaay  as  a  siafls  eustoaer.  Family  housing,  either  on*  or 
off* bass  is  usually  astsrsd  per  house  if  billing  is  dons  on 
tbs  residential  rats  schedule. 

Tbs  east  number  of  asters  required  to  subaeter  specific 
asss  represents  a  large  potential  cost  to  the  government; 
sob as taring  is  thus  considered  cost  prohibitive  as  yet.  i 
pilot  progras  to  introduce  portable  electricity  asters  to 
aeesare  specific,  short  tera  loads  is  to  begin  in  FT  82. 
The  purpose  of  this  program  is  to  gain  perspectives  on 
actual  uses  for  energy  conservation  purposes  rather  than  for 
allocation  of  use,  though. 

The  alternative  to  aeteriag  is  engineering  estimates. 
Inch  subcoaaand  of  a  base  is  generally  assigned  a  percentage 
of  total  base  use,  based  on  connected  load  and  estiaates  of 
actual  use.  Baselines  and  aonthly  uses  are  assigned  accord* 
ingly.  id just sent a  can  be  aade  if  projects  or  aanageaent 
actions  can  provide  justification.  This  aethod  leaves  a  lot 
to  be  desired  in  terns  of  accuracy  and  accountability,  since 
actual  use  can  not  be  identified,  there  is  no  strong  incen* 
tive  to  conserve  at  the  individual  coaaand  on  a  daily  basis. 
There  is  a  dependence  on  large  scale  correction  projects  as 
a  result. 

Vithoat  specific  aetering,  there  is  a  major  problem  of 
identifying  actual  savings.  Vhile  engineering  estiaates  aay 
indicate  a  level  of  savings,  the  effects  of  systems*  inter* 
relationships  of  building  systeas  aay,  in  fact,  be  energy 
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additiwe  or  deduetiwe  and  ower looked  in  calculating  energy 
asa.  Than,  tha  possibility  exists  of  undarfunding  a  projact 
which  would  actually  haws  high  anargy  sawings ,  or  ower- 
funding  a  projact  with  low  anargy  sa wings,  on  tha  basis  of 
faulty  assumptions  in  tha  calculations.  Portable  watering 
as  santioned  abowa  aay  aid  in  increasing  tha  effectiweness 
of  estiaation. 

0.  EVALOATIOI 

The  energy  baselines  are  a  aonth  by  aonth  standard  based 
on  use  in  FT  75.  son a  adjust wants  ha we  bean  aada  to  reflect 
exceptional  conditions  that  would  adwarsaly  affect  future 
coaparisoas.  currant  use  is  coapared  to  tha  coaparable 
baseline  period  and  a  percentage  of  change  calculated.  Tha 
calculated  percentage,  coapared  to  tha  target  percentage, 
prowides  a  basis  for  ewalaating  progress.  This  coaparison 
effort  is  done  at  the  coaaaad  lewel,  base  lewel,  TYCOH 
lew  el,  najor  daiaant  lewel,  etc.  Statistics,  such  as  shown 
in  Table  1,  pro wide  a  basis  far  guantitatiwe  analysis.  Froa 
Table  1,  it  can  be  concluded  that  federal  ,  DOD,  and  DOS 
progress  is  below  target. 

To  sake  a  walid  coaparison,  howewer,  one  aunt  understand 
what  is  being  coapared.  There  are  particular  inherent 
factors  in  the  present  aeasureaent  systea  that  could 
possibly  distort  the  data  and  lead  to  erroneous  conclusions. 

One  strong  influence  on  energy  use  is  weather.  Hot, 
hue  id  weather  will  cause  greater  use  of  air  conditioning, 
which  is  a  large  electricity  user.  Cold  weather  usually 
results  in  higher  fuel  oil  use,  recognizing  that  steaa 
heating  is  produced  by  oil  fired  boiler  plants.  Electricity 
and  fuel  oil  accounted  for  alaost  72%  of  total  building 
energy  use  in  FI  1975,  and  74.5%  in  FT  1978.  The  iapact  of 
weather  on  these  doainant  energy  sources  is  then  likely  to 


be  significant.  If,  however,  the  baseline  year  experienced 
severe  weather  variation,  say  a  long,  hot  snaser,  a  wild 
snaser  in  the  coaparison  year  couli  overstate  the  actual 
conservation  progress.  Conversely,  noraal  weather  daring 
the  baseline  aonth  or  year  and  an  extreae  variation  in  the 
coaparison  period  could  understate  actual  conservation 
results.  While  weather  effects  are  significant  in  the 
aagnitude  of  energy  used,  a  valid  coaparison  reguires 
siailar  weather  conditions  in  order  to  study  controllable 
consuaption  for  evaluation  purposes. 

a  second  consideration  in  the  validity  of  coaparisons  is 
that  the  coaposition  and  specific  natures  of  ailitary  bases 
are  constantly  changing.  Bnergy  use  on  a  per  square  foot 
basis  is  an  iaportant  consideration  in  allowing  for 
construction  and  deaolitioa  changes.  However,  there  is  no 
consideration  for  the  uses  of  buildings.  Technology  has 
continued  to  progress  along  energy  intensive  lines.  Greater 
eaphasis  on  electronics  has  increased  the  needs  for  environ- 
aental  controls,  i.e.,  huaidity,  teaperature,  air 
filtration,  etc.,  increasing  consuaption  beyond  that  needed 
for  just  equipaent  use.  If  new  technological  installations 
include  construction  of  new  facilities  to  house  then,  design 
and  construction  incorporating  energy  efficiencies  could 
offset,  at  least  partially,  any  increased  total  use  or  total 
use  per  square  foot.  Construction  funding  often  lags 
technical  installations,  though,  and  bases  are  forced  to 
adapt  existing  facilities  to  aeet  the  increased 
requirenents.  For  exaaple,  aviation  trainers  have  been 
installed  in  converted  vs  rehouse  spaces,  increasing  the 
electrical  load  with  no  change  in  square  footage.  Such 
conversion  of  low  energy  intensive  use  to  a  higher  intensity 
use  will  offset  other  energy  savings  achieved. 


Building  uses  are  also  often  changed  to  correct  parti¬ 
cular  facility  deficiencies,  such  as  lack  of  storage  space. 
Since  construction  funds  are  limited,  often  with  long  lead 
times  between  project  submission  and  project  completion, 
demolitions  of  unnecessary  but  still  useable  buildings  are 
reluctantly  requested.  Bases  prefer  to  convert  buildings  no 
longer  necessary  for  their  original  purposes  to  contingency 
uses.  The  low  priority  given  to  warehouse  construction, 
often  identified  as  a  facility  deficiency,  invites  conver¬ 
sion  of  unused,  or  marginally  used,  buildings  to  storage 
spaces  which  have  a  low  anergy  intensity.  Such  buildings 
are  usually  older  and  beyond  their  expected  useful  life,  and 
highly  energy  inefficient.  Thus,  while  a  base  might  show  a 
statistical  isprovement,  there  would  be  no  real  increase  in 
the  efficiency  of  use. 

The  above  exasples  may  well  be  practical  and  wise  manag¬ 
erial  applications  of  using  existing  resources,  comsendably 
saving  construction  funds.  However,  all  can  distort  energy 
use  comparisons.  Setting  standards  of  use  by  functional 
category  of  use  would  permit  a  modular  technique  of 
evaluating  energy  use  or  adjusting  baselines. 

A  final  distortion  potential  consideration  exists  in  tht 
equity  of  energy  baselines.  It  was  previously  mentioned 
that  the  baseline  year  was  initially  established  as  FT  73 
and  later  changed  to  FT  1975.  A  coaaand  which  took  actions 
to  coaply  with  the  energy  reduction  goals  prior  to  FT  75 
would  tend  to  show  less  favorable  results  in  later  compari¬ 
sons  with  FT  75  than  the  base  which  took  no  immediate 
reduction  actions.  This  effect,  however,  would  be  minimal 
inasmuch  as  the  measures  taken  at  the  tine  were  directed  at 
obvious  wastes  and  of  relatively  small  magnitude. 

Overall,  the  present  evaluation  system  is  limited  to. 
providing  a  snapshot  of  use  in  a  particular  period  subject 


vli-l'*  to  a  particular  sat  of  conditions.  such  a  snapshot,  being 
subject  to  distortions,  doas  not  afford  a  good  basis  for 
coaparison  purposas.  lor  doas  it  parsit  a  sound  basis  for 
control  sines  it  doas  not  isolata  non  controllabla  factors 
such  as  weather.  Bodifications  ara  naadad  to  provide  a  aora 
effective  saans  of  evaluating  energy  consul pt ion  relative  to 
astablishad  tar gats. 


B.  C1PITA1  II? BSTBBIT  COBS  ZDBBiTZOIS 

Tha  anargy  raductions  raguirad  to  aaat  tha  spacifiad 
energy  goals  sill  rag airs  far  aora  than  individual  sffort  to 
turn  off  lights,  liait  hasting  and  cooling,  or  aconoaiza 
usas.  Buildings  and  installad  systeas  will  raguira  aajor 
sodifications  to  overcoae  tha  af facts  of  construction  during 
tha  ara  of  chaap  anargy  as  vail  as  to  offset  tha  deteriora¬ 
tion  of  buildings  and  their  installad  eguipaent  systass.  Zn 
nany  cases,  cos plat a  replaceaent,  incorporating  anargy  effi¬ 
ciency  considerations  will  be  tha  cheaper  alternative.  Zt 
nust  also  be  realized  that  tha  interrelationships  of  tech¬ 
nology,  aissions,  and  support  facility  reguirenents  have  not 
renained  constant  since  baseline  PI  75.  Zn  particular,  tha 
rapid  growth  and  dependence  on  electronics  has  increased 
electricity  use  significantly.  is  a  consequence,  actual 
raductions  will  have  to  be  greater  than  tha  planned  target 
percentages  to  coapensate  for  any  growth.  The  need  for 
capital  resources  to  affect  tha  raguirad  changes  becoaes 
obvious. 

Tha  investaent  capital  raguirad  to  aake  such  aodifica- 
tions  is  not  linearly  related  to  tha  guantity  of  anargy 
conserved.  one  author  has  described  anargy  conservation  as 
a  " depleting  resources  industry"  [Baf.  9 ]•  The  aconoaic 
theory  of  depletable  resources  is  generally  associated  with 
tha  lav  of  diainishing  aarginal  returns,  which  states  that 
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«un  production  from  any  activity  is  to  be  incraasad  it  can 
ba  dona  by  addin?  capital  or  labor.  la  additional  quanti¬ 
ties  of  any  ona  of  these  inputs  are  added  to  a  fired  factor 
of  production,  the  increaental  or  aarqinal  returns  associ¬ 
ated  with  the  inputs  tend  to  decline.  7he  converse  of  this 
law  is  the  law  of  increasing  costs  which  states  that,  since 
the  input  aust  be  purchased,  the  increaental  (aarginal) 
costs  of  production  increase.  In  application  to  energy 
conservation,  output  can  be  considered  as  the  energy  saved, 
that  is  energy  not  required  to  be  produced.  Inputs  would  be 
the  aaterial  for  conservation  capital  stocks  as  well  as  the 
labor  costs  of  installation.  k  graph  of  cost  versus  energy 
conserved  may  be  shown  for  the  general  case  in  Figure  1. 


Figure  2.1  Diainiahlsf  Marginal  leturns  of 
Snergy  Conservation 


Zt  c aa  be  ihb  that  there  will  be  a  fixed  cost  (PC)  of 
energy.  is  oat put,  conserved  energy,  is  incrossod  total 
costs  (TC)  sill  begin  to  ciso  at  a  low  aargiaal  cost  (BC). 
Ths  aargiaal  cost,  tbo  rata  of  chaago  ia  total  costs,  will 
iacroaso  as  oatpat  increases.  Succintly  statod,  groator 
•aargy  savings  iacur  groator  costs  at  aa  iacroasiag  rata. 
Thus,  iaitial  conservation  takes  littlo  capital  in v ostaont. 
To  achieve  groator  conservation  levels,  iacroaaing  ratos  of 
capital  investaent  aro  aoodod. 

Tho  iaplicatioa  of  this  cbaractaristic  is  that  groator 
ratos  of  capital  investaent  aro  aocossary  ia  ordor  to 
achieve  tho  iacroasiag  porcoatagoa  of  total  rodactioas 
required.  Xa  perspective,  with  tho  growth  of  oloctricity 
roquiroaoats,  thoro  is  aa  iacroasiag  level  of  capital 
inv  ostaont  rogairod  just  to  saiataia  tho  porcoatago 
rodactioas  thus  far  achieved. 

Tho  draaatic  riso  ia  oaorgy  costs  siaco  1975  provides 
offsetting  booofits  for  tho  capital  investsent  requirements. 
Rising  energy  costs  servo  to  decrease  payback  periods,  in 
energy  savings  project  can  often  pay  for  itself  sithia  a  fov 
sonths  or  years  in  this  perspective.  Under  appropriated 
funding,  however,  the  savings  are  a  statistical  savings,  if 
payback  periods  extend  beyond  fiscal  years.  in  fact, 
savings  are  sore  realistically  cost  avoidance  in  sach  cases. 

There  are  various  sources  of  inv ostaont  dollars  within 
the  federal  budget.  The  response  to  a  specific  project 
approval  and  the  funds  available  vary  with  the  cost  of  the 
project.  Coasanding  Officers  have  the  authority  to  fund 
projects  costing  less  than  115,000  fros  their  operating 
budgets.  Rith  no  specific  approvals  rogairod,  funding  cun 
be  done  as  needed.  This  say  reguire  sacrifices  of  other 
funding  plans.  Unless  the  payback  period  is  short  enough  to 
realise  savings  within  that  fiscal  year  so  that  savings  can 


be  applied  elsewhere,  given  the  expiring  aitiri  of 
appropriated  finding,  there  is  littlo  activation  to  oak* 
strong  sacrifices  of  short  tors  needs  for  tho  longer  range 
goals.  Isos  if  ths  cost  of  ptrehasad  energy  exceeds  badgst 
allowances,  aajor  elaisaats  hats  ao  rseoarss  bat  to  faad  tho 
deficiency  vlth  littlo  daagar  of  raparcossioa  to  tho 
Coaaaadiag  Officer. 

lasrgy  progress  to  proa  ids  sapplaaaatal  faads  for  energy 
conservation  projects  have  baaa  astablishad  ia  recognition 
of  faadiag  li ait at ion a  aad  the  conflicting  priorities  within 
operational  badgst  faadiag.  The  Energy  Technology 
Application  Prograa  (RAP)  psowidas  faads  of  ap  to  <100,000 
for  retrofit  of  existing  bail dings.  Prograa  faadiag  is 
regaested  froa  aaaaal  Coagresaional  appropriations.  Prior 
to  FT  82,  faadiag  aad  specific  project  approvals  were 
adsiaistered  by  the  laval  Facilities  Engineering  Coaaaad 
(lAVFAC).  Its  geographical  Bagiaeeriag  Pield  Oiwisioas 
(VD)  served  to  provide  technical  expertise  to  evalaate 
aad,  if  regaested,  initiate  projects  as  well  as  provide 
faadiag  adaiaistratioa  within  their  large  geographical 
areas.  ilthoegh  I1VFAC  provided  final  approval,  the  BFD 
recoaaendatioas  were  generally  heeded.  The  aajor  coeeaads 
have  aow  been  tasked  with  this  adaiaistratioa  and  control  of 
RAP  faads.  Technical  gaidaace  will  coatiaae  as  a  WATFAC 
faactioa.  This  shift  of  control  will  allow  sore  control  of 
energy  conservation  progress  by  the  particalar  claiaaats.  It 
will  also  bring  greater  accoaat ability. 

Bajor  claimant  control  of  their  own  energy  destiny  nay 
also  prove  a  disadvantage  to  the  overall  energy  plan  of  DOi, 
though.  Paads  are  sore  likely  to  be  invested  in  less 
efficient  single  oses,  bene  fitting  iadividaal  coanands,  bat 
with  less  iapact  on  the  total  00 V  regaireaents  dae  to  a 
decreased  range  of  alternatives  available  to  aajor 


claisants.  Each  aajor  claiaant*  if  given  a  proportional 
shara  of  tho  foods  available  to  distriboto  aaong  its  total 
coasands*  will  bass  loss  floxibilitj  in  uagnitude  of 
funding.  Funding  of  a  vidor  raago  of  saallar  projocts  can 
bo  expected*  thereby  aissiag  opportoaitios  for  optiaal 
foadiag  in  a  vidor  raago  of  groator  savings  projocts. 

Energy  consorvatioa  projocts  to  retrofit  existing 
buildings  costing  over  $100*000  fall  ondor  tho  Baorgy 
Conservation  Zavostaont  Pro  gras  (BCXP) .  is  those  funds  are 
within  tho  Bilitary  Cons  tract  ion  Pcograo  (BZLCOV)  *  they  are 
adainistered  by  IATP1C.  Projocts  art  suboittod  via  tho  BFDs 
for  technical  approval  aad  forwarded  to  VAVFAC  as  a  lino 
itoa  budget  subaission  for  Congressional  funding  approval. 
Project  approvals  are  based  on  econo sic  justifications  and 
subject  to  tho  budgetary  politics  of  tho  federal  budget 
process.  Vith  the  reguireaent  for  Congressional  approval* 
the  response  tiae  between  project  subaission  and  coapleted 
construction  is  slowed  to  a  siniaua  of  three  fiscal  years. 

Vhile  BTAP  and  ECZP  funding  provide  capital  investuent 
funds  to  effect  energy  conservation  corrections*  it  oust 
also  be  recognized  that  the  political  realities  of 
appropriation  funding  tend  to  liait  the  anount  of  funds 
available.  Cost  avoidance  is  not  an  attractive  proposition 
to  the  political  entreprensur.  Voters  receive  no  tangible 
benefits  in  energy  conservation  projects  and  see  only  an 
increase  in  governaent  spending.  Actual  cost  reductions  are 
hidden  in  the  anount  of  continuing  rate  increases.  As  a 
result,  conservation  funds  are  subject  to  the  *  budget  axe' 
when  budget  reductions  are  necessitated.  The  energy 
investaent  progress  are  in  fact  uore  saleable  under  the 
patriotic  banner  of  ensrgy  independence  frou  foreign 


sources 


The  eoibii«i  iffiet  of  tteN  f&ctors  har«  pat  a  large 
strain  on  invest  neat  dollars.  Tho  not  rosalt  of  the 
dlsinishing  sarginal  rotarss  aataro  of  oaor gy  conservation 
sac  ass  to  ioecsaso  the  greater  naad  for  investsent  dollars. 
Cataeldsatal  to  this  need,  tko  isoant  of  dollars  sads 
available  toad  to  bo  list  tad  aad  restrictive.  Tho  sora 
dseoatralisad  control  of  investsent  fands  at  tho  ITAF  level 
say  lisit  tho  effectiveness  of  investnent  funding  forthor. 
Tho  sessage  than  is  »ory  cloar:  investsent  docisions  will 
hawo  to  oado  wisoly  to  achiowo  tho  saziaas  effectiveness 
fro a  tho  dollars  available.  Accordingly,  rational 
doeisionaakiag  will  dopoad  on  tho  accaraey  and  roliability 
of  tho  isfornation  on  which  it  is  based. 
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i.  soon  mis  aid  ons 

TIm  decisions* her ,  for  ptrpoiM  of  this  thesis,  will  bo 
defined  ms  tbs  porsoo  evaluating  tbs  energy  redaction 
progress  of  mm  activity  or  groap  of  metiwities  with  access 
to  capital  iawestaeat  fund*.  The  issues  for  tbe  activity 
decisioaaaker  are  bow  to  affect  tbe  necessary  energy  reduc¬ 
tions,  wbat  investment  funds  are  needed  to  isplenent  further 
reductions,  bow  effective  tbe  implemented  measures  have 
been,  and  wbat  level  of  reduction  can  be  realistically 
expected  relative  to  tbe  prescribed  targets.  A  higher 
echelon  command,  such  as  tbe  major  claimant,  would  be 
confronted  with  allocating  its  limited  investment  dollars. 
Both  decisions  would  necessitate  evaluation  of  tbe  curent 
and  expected  progress. 

Tbe  basic  document  to  provide  current  progress  is  the 
Bnergy  Audit  Deport  (BAB).  Figure  2  is  a  sample  of  such  a 
report.  Tbe  evaluator  can  read  electricity  ase  in  ill  and 
BBTO  for  tbe  baseline  mad  current  12  month  periods,  the 
percent  change  from  FT  75  and  percentage  of  total  ase.  zt 
further  shows  FT  75  and  current  fiscal  year  floor  areas  and 
percent  change  from  FT  75,  HBTD /thousand  square  feet 
canparisons,  and  a  comparison  of  total  reduction  and  target 
reduction.  BABs  are  provided  on  individual  activities  on 
their  use  as  well  as  to  higher  echelon  summarising  tbe 
progress  of  their  reporting  coanands. 

Zn  a  simplistic,  cursory  examination  of  the  BAB,  one 
could  assess  whether  an  activity  was  above  or  below  target. 
One  could  also  identify  the  progress  by  energy  type.  Zn 
this  example,  the  activity  relied  oa  electricity  for  almost 
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ou  tided  of  its  snsrgy  ass  bat  had  only  achieved  a  2.7% 
rsd action  in  sack  ass,  offsstting  tbs  large  percentage 
dsersasss  in  its  otbsc  energy  soorcss. 

Taking  an  BAB  at  its  faes  valae  aigbt  vsll  lsad  to  tbs 
erroneous  conclasioos  discasssd  in  Cbaptsr  ZZ.  Bat  tbs 
sasrgy  aaaagsr  bas  iittla  slss  to  bass  bis  conclusions  on 
szespt  to  review  past  BA is  and  develop  an  intuitive  or 
psrbnps  a  graphical  pictors  of  tbs  gsnsral  snsrgy  rad act ion 
pro grass.  Bo old  a  12%  inersasa  this  fiscal  yaar  bava  raally 
indicat ad  non  conplianca?  or  were  tanporary  pbanoaana 
rasponsibls?  Doss  tbs  10%  dacraasa  indicata  conplianca?  An 
ana apis  of  tbis  issos  is  provided  by  a  review  of  slactricity 
ass  at  I1HC  Jackson villa  as  sboan  in  Figura  3  A  sharp  paak 
for  Bay  1978  is  evident.  A  con paris on  of  FI  78  with  FT  75 
shows  only  a  5%  dacraasa,  corrssponding  to  a  targst  of  6%. 
Tbs  BAB,  by  itsslf,  wool!  not  show  tbs  ass  spiks.  Tbs  1% 
warianes  night  not  ba  considered  too  ssrioas.  However, 
wisanl  inspsetion  of  tbs  data  would  raisa  questions 
coo  earning  tbs  rsal  dacraasa  psrcsntags. 

Zn  ratification  of  tbs  data  with  tbs  activity,  it  was 
lsarnsd  that  nsw  watnr  cbillar  units  wars  bsing  tastad 
daring  that  aonth,  "probably"  causing  thn  spiks.  Tha 
activity  aigbt  bars  rsasonad  that  wit  boat  tbis  ersatad  aztra 
load,  it  would  bars  achiavad  an  8%  caduction  instaad  of  tba 
raportad  5%  dacraasa.  Bitbout  knowing  tbs  rsal  offset  of 
tbs  additional  ass  for  tbs  watnr  cbillars,  such  masoning 
sight  ba  srronsoas.  A  largs  arpactad  ass,  psrhaps  das  to 
wantbsr  conditions,  would  bars  shown  lass  than  a  3%  diffnr- 
snes  dus  to  watar  cbillars.  A  low  arpactad  ass  night  bars 
shown  nora  than  a  3%  inersasa.  Zn  aitbsr  cass,  tbs  snsrgy 
nanagsr  coaid  bars  svalaatad  tba  situation  and  takan 
appropriate  action  as  a  result. 


35 


The  implication  of  this  typo  of  fraaework  la  the  exis- 
tan co  of  a  control  systea.  But,  such  a  control  ayataa  la 
dependent  apoa  the  ability  to  dataraina  az pact ad  uaa,  ratkar 
tkan  aattiag  a  target,  directing  effort  toward  that  goal, 
and  aaf  faring  tka  blurring  off  acta  of  noncontrollable 
factors. 

Predicting  fata  an  event  s,  or  forecasting,  with  relative 
certainty  kas  bee  one  a  scientific  discipline  in  the  last 
several  decades,  particularly  with  the  widespread  intoduc- 
tion  and  use  of  coaputers.  Prograas  have  been  aade  readily 
available  for  alaost  all  guantitative  forecasting  techni- 
gees.  "The  need  for  forecasting  is  increasing  as  sanageaent 
atteapts  to  decrease  its  dependence  on  chance  and  bacons 
sore  scientific  in  dealing  with  its  environaent”  (lef.  10]. 
Techniques  vary  considerably  with  the  situation,  tine  hori¬ 
zons,  factors  involved,  assueptions  aade,  and  types  of  data 
patterns.  a  basic  underlying  preaise  in  alaost  all  fore¬ 
casting  set hods  is  the  assu option  of  constancy,  i.e*,  the 
pattern  of  the  past  will  continue  into  the  future. 

There  are  two  aajor  types  of  forecasting  aodels:  regres¬ 
sion  and  tines  series  aodels.  Regression  aodels  assuae  the 
factor  to  be  forecasted  has  a  continuing  relationship  with 
one  or  aore  independent  variables.  The  purpose  of  the  aodel 
is  to  exploit  those  relationships  and  use  then  to  forecast 
future  values  of  the  da pea dent  variable.  Systen  responses 
are  observed  and  input  relationships  of  that  response  are 
developed.  To  use  Oha's  Law  as  an  illustration,  voltage  (B) 
can  be  predicted  by  inputs  of  current (X)  and  iapedance (Z) , 
and  the  known  relationship  B  *  I  x  Z.  The  key  to  this 
aet hod  is  identifying  the  significant  input  variables 
(stiauli)  and  their  relationship  to  the  the  output 
(response)  • 


Th*  tii«  i*ri*s  aodel,  on  th*  other  hand,  aakes  no 
•ffoct  to  *zplain  th*  factor*  that  a f fact  systea  response, 
treating  th*  systea  as  a  black  box.  Its  sain  concern  is 
observing  particular  events  and  predicting  future  states. 
Weather  can  be  forecast  by  use  of  a  tine  series  aodel.  The 
pattern  of  historical  events  is  described  by  satheeatical 
relationships  and  used  to  forecast  expected  teaperatures, 
sunlight,  and  even  rainfall,  without  necessarily  under¬ 
standing  the  clieatic  conditions  responsible  for  the 
results.  Both  sodels  have  particular  advantages  in  parti¬ 
cular  applications  and  will  be  exasined  in  this  thesis  for 
application  to  energy  forecasting  at  laval  Shore  activities. 


B.  BB6BBSSI0W  HODBLS 

1.  Concents  of  Electricity  Os* 

In  this  section,  an  energy  forecast  aodel  based  on 
four  weather  variables  will  be  developed  using  regression 
techniques.  The  sain  purpose  of  this  section  will  be  to 
deaonstrate  the  techniques  and  discuss  th*  interpretations 
of  the  regression  aodel.  A  sore  specific  application  of 
regression  techniques  will  be  developed  in  Chapter  I?  to 
identify  th*  relationship  of  energy  use  and  functional  uses 
of  activity  buildings. 

In  order  to  build  a  aodel  to  'explain'  electricity 
use,  it  will  be  useful  to  iefine  soae  of  the  basic  ter as  and 
concepts  of  electricity  consuaption  that  will  be  iaportant 
considerations.  A  relatively  siapl*  aodel  of  residential 
hoae  use  provides  a  useful  fraaework  for  discussing  basic 
concepts.  Bach  electrical  device  is  rated  as  to  th*  power 
it  uses  to  perfora  its  function.  The  rating  is  given  in 
terns  of  watts.  The  electricity  used  during  that  perfor- 
aance  is  the  product  of  the  power  rating  and  the  hours  of 
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BMf  expressed  in  t«ru  of  vatthours.  k  60  vatt  light  bulb 
laft  on  for  8  hoars  consaass  480  vatt  hours,  or  .48  kilo- 
vatthoars.  Thv  British  Thsraal  Bait  (BTO)  is  often  used  to 
express  energy  ass  in  teras  of  a  coaaon  dsnoainator  rslativs 
to  othsr  energy  sources,  such  as  steam,  coal,  or  fasl  oil. 
Ons  BTO  is  sgaivalsnt  to  .0116  kilovatthours,  after  adjust- 
sent  for  particular  distribution  losses.  The  previously 
cited  example  of  the  light  bulb  consumption  could  be 
expressed  equivalently  as  5,568  BTOs.  The  aaount  of  pover 
(vatt s)  required  to  energize  all  devices  connected  to  a 
system  is  its  connected  load.  1  residential  hone  use  could 
be  calculated  by  summing  the  vatt  hours  of  each  use  of  its 
connected  load.  In  reality,  the  calculated  amount  vould  be 
less  than  the  actual  amount  used  since  every  unit  has  some 
associated  energy  loss,  or  inefficiency.  The  losses  in  a 
typical  residential  unit  are  relatively  minor,  hovever.  The 
energy  efficiency  of  a  device  or  a  system  is  defined  as  the 
percentage  of  useful  energy  (rated  vatts  x  hours  -  losses) 
to  delivered  energy  (rated  pover  x  hours). 

1  simple  residential  home  model  vould  be  expected  to 
contain  explanatory  variables  relating  the  effects  of 
veather,  number  of  occupants,  and  the  hours  that  the  unit  is 
occupied.  The  model  vould  express  the  amount  of  change 
expected  in  the  electricity  consumption  per  unit  change  in 
any  one  of  the  variables,  or  stiaali.  To  control  the 
response  vithin  particular  limits,  it  vould  be  necessary  to 
control  the  variibles,  if  possible,  or  adjust  the  system 
response  to  a  variable.  Since  veather  is  not  controllable, 
adjustment  of  the  system  response  could  be  effected  by 
increasing  the  insulation,  resetting  thermostat  controls,  or 
even  replacing  inefficient  beating  or  cooling  units.  The 
model  vould  indicate  the  change  in  electricity  use  caused 
by  a  unit  change  in  any  one  of  the  variables  vhen  the  other 
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variables  remain  constant.  A  user  coaid  select  the  vari¬ 
able^)  to  control  that  would  influence  the  desired 
response. 

Hodels  for  industrial  electricity,  such  as  for  a 
Military  installation,  are  considerably  sore  complex  and 
involve  subsystem  interrelationships.  Power  to  the 
installed  loads  is  often  three  phase  power.  Slaplistically, 
the  total  power  to  the  load  is  provided  by  several  vires 
which  provide  the  total  required  power.  It  is  important  to 
the  efficiency  of  the  power  use  that  each  phase  have  the 
same  loading.  1  system  is  said  to  be  balanced  if  each  phase 
delivers  the  sane  amount  of  power  to  a  system.  As  the 
system  becomes  unbalanced,  the  efficency  of  use  decreases. 
This  concept  applies  to  an  entire  building  supplied  with 
three  phase  power,  a  particular  internal  circuit,  or  a 
particular  type  of  load.  The  efficiency  of  a  building *s  use 
can  be  improved  by  Shifting  loads  to  other  circuits  to  gain 
a  better  balance. 

The  power  factor  is  another  important  item  in  energy 
efficiency.  The  power  factor  is  the  cosine  of  the  phase 
angle  between  the  current  and  voltaqe,  ranging  in  absolute 
value  between  1  and  0.  A  pure  capacitive,  or  pure  inductive 
load  will  have  a  phase  difference  of  90  degrees,  and  there¬ 
fore  a  power  factor  (cos  90  degrees)  of  0.  The  product  of 
power  factor  and  rated  power  is  used  to  determine  the  useful 
or  real  power  used  relative  to  the  power  delivered.  Thus,  a 
load  with  a  power  factor  of  1  would  have  no  losses  as  a 
result  of  the  phase  difference,  while  a  load  with  a  power 
factor  of  0  would  be  a  total  loss  of  delivered  power.  A 
pure  capacitor,  for  example,  would  store  energy  delivered  to 
it  and  would  have  a  power  factor  of  0.  By  adding  an  induc¬ 
tive  load  of  equal  magnitude,  the  resultant  system  power 
factor  would  increase  to  1.  Thus,  soother  industrial  energy 
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conservation  aeasure  is  to  attaapt  to  balance  inductive  and 
capacitive  loads.  In  fact,  power  companies  often  give  rate 
incentives  to  industrial  customers  who  aaintain  a  power 
factor  of  at  least  0.8  as  a  naans  of  increasing  the  power 
systes* s  overall  efficiency. 

The  aajor  concept  to  be  understood  by  the  reader  is 
that  systes  interrelationships  are  significant  in  explaining 
the  systes  total  response.  k  change  in  one  cosponent  of  a 
systes  say  in  fact  produce  an  effect  opposite  to  the 
intended  response.  Relative  to  weather  effects.  wars 
weather  resulting  in  the  use  of  large  air  conditioners  say 
increase  or  decrease  the  efficiency  of  a  particular  systes 
or  subsystes.  Thus,  a  siaple  calculation  of  the  rated  power 
use  of  a  particular  load  say  not  necessarily  provide  the 
true  overall  response.  Consequently,  the  definition  of  an 
industrial  systes  response  needs  to  consider  the  interrela¬ 
tionships  of  its  subsysteas.  Detersining  the  systes 
response  is  not  a  simple  matter  of  inventorying  connected 
loads. 

2.  saasiBii  s&U&isal  Xfetscx 

This  thesis  does  not  presuppose  a  strong  background 
in  statistics,  nor  is  it  the  intent  to  provide  one. 
Textbooks  suitable  for  the  reader's  particular  background 
would  provide  a  sore  thorough  and  appropriate  source  of 
inforsation.  The  text  of  this  thesis  is  written  for  the 
corporate  body  of  energy  aanagers  who  say  have  had  only 
ainor  exposure  to  a  study  of  statistics.  Consequently,  a 
brief  presentation  of  iaportant  statistical  theory  concepts 
will  be  given  only  to  provide  a  better  basis  of  under¬ 
standing  the  interpretation  and  application  of  regression 
sodeling. 
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Regression  eodels  were  seen  to  be  based  on  deter- 
sining  a  systea  response  in  teres  of  the  relationships  of 
particnlar  input  variables ,  or  atiauli.  Theoretically, 
there  exists  a  true  function  that  completely  explains 
output.  Such  a  deterministic  model  would  also  be  capable  of 
forecasting  future  values  providing  the  definitive  equations 
did  not  change,  i.e. ,  systea  interrelationships  and  input 
variables  remained  valid.  k  true  deterministic  model  of 
electricity  use  would  detail  every  ase  down  to  the  effi¬ 
ciency  of  the  connected  loads  and  the  effect  of  energized 
loads  on  load  balance,  power  factors,  etc.  Obviously,  such 
a  model  would  be  difficult  to  develop  and  very  complex. 
Despite  the  ability  of  computers  to  rapidly  compute  the 
response  once  the  appropriate  data  is  input,  collection  of 
that  data  can  be  costly  in  terms  of  time  and  money.  k 
lesser  model  might  be  sufficiently  accurate  and  far  less 
costly.  k  useful  model  would  be  one  which  could  reliably 
estimate  the  'true*  function  and  be  practical  enough  to  be 
effective. 

Since  the  applied  model  is  not  deterministic,  there 
will  always  be  error,  or  differences  between  the  expected 
values  of  the  model  and  the  observed  data.  The  technique  of 
least  squares  is  used  to  minimize  the  error  of  a  fitted 
curve  to  the  input  data.  The  sun  of  the  squares  of  the 
errors  becomes  a  measure  of  determining  how  well  the 
estimator  curve  fits  the  data.  The  coefficient  of 
determination,  or  R*,  is  the  ratio  of  Explained*  error  to 
the  total  error.  Its  values  then  would  range  from  0, 
indicating  no  relationship  between  the  stimuli  and  response, 
to  1,  indicating  a  perfect  fit.  Haziaizing  R*  is  one  means 
of  determining  the  usefulness  of  a  model. 

The  addition  of  variables  to  a  regression  model  can 
not  decrease  the  R*  value,  appearing  to  improve  the 


prediction  capability  of  the  eodel.  However,  an  increase 
eay  be  spurious,  ceased  by  seesaresent  errors*  or  chance 
results  of  unrelated  data.  A  plot  of  1*  against  the  nusbers 
and  cosbinations  of  variables  will  result  in  a  logarithnic 
type  curve  which  flattens  as  it  approaches  a  aazieus. 
Adding  variables  in  this  region  will  provide  little  increase 
in  l«. 

Another  seans  of  evaluating  the  fit  of  the  eodel  say 
be  nade  by  exaaiaation  of  the  seen  sguared  error  (BSE).  As 
its  naae  iaplies,  BSE  is  coaputed  by  squaring  the  individual 
error  for  each  data  point  and  then  finding  the  average  or 
eean  value  of  the  sun  of  those  squares.  The  BSE  gives 
greater  weight  to  large  errors  than  to  saall  errors  since 
the  errors  are  squared  before  being  sussed.  Plotting  the 
BSE  agsinst  the  ausber  of  variables  results  in  a  parabolic 
curve.  The  graph  will  show  a  sinisua  point  for  a  particular 
coo bination  and  nuaber  of  variables.  A  decrease  in  the  BSE 
with  added  variables,  say  aot  be  great  enough  to  justify  the 
cost  of  additional  data  collection. 

The  variance  of  a  function,  known  as  3*,  indicates 
the  dispersion  of  the  data  around  the  seen.  This  value  is 
used  to  assess  the  extent  of  possible  error.  The  P 
statistic  uses  the  ratio  of  the  'explained'  variance  to  the 
•unexplained',  or  totally  randos,  variance  about  the  seen. 
Zf  there  was  no  correlation  of  the  output  variable  with  the 
input  variables,  the  nean  of  observed  output  would  be  the 
best  predictor.  Since  all  variance  would  be  'unexplained', 
the  ratio  should  be  1.  As  sore  variance  was  explained,  the 
nuaerator  would  increase.  The  r  statistic,  with  a  known 
probability  distribution,  can  be  used  to  conpare  the 
explanatory  power  of  different  aodels  or  assess  the  various 
characteristics  of  a  particular  nodal. 


Estimating  tha  'true'  function,  racognizing  that 
arcor  is  inwolwed,  leawes  roon  for  doabt  that  a  aodal  has 
pradictad  a  realistic  walue.  Confidanca  lewels  ara  a sad  to 
azprass  tha  probability  that  a  pradictad  walue  is  acearata 
relatiwe  to  tha  'true'  walue.  i  confidanca  lawal  would 
indicata  tha  parcantaga  of  times,  on  tha  awerage,  that  a 
particular  outcoaa  would  ba  obsarwad  in  rapaatad  trials. 
For  confidanca  internals,  tha  dasicad  outcoaa  is  that  tha 
cosputad  intarwal  includa  tha  *trua*  walue.  Increasing  tha 
confidanca  lawal  cans as  tha  intarwal  to  ba  longer,  but  lass 
inforsatiwa.  ill  calculations  usad  in  this  thasis  usa  a  95% 
confidanca  lawal. 

Tha  confidanca  lawal  is  ealculatad  basad  on  known 
distribution  charactaristics.  Tha  cusulatiwa  araa  under 
such  a  cur we  is  tha  cusulatiwa  probability.  Tha  central 
limit  theorea  states  that  as  tha  sanpla  size  n  increases, 
tha  distribution  of  tha  naan  of  a  randos  sanpla  taken  froa 
practically  any  population  approaches  a  nornal  distribution, 
i  standardized  nornal  distribution,  with  its  saan  of  0,  and 
standard  dewlation  of  1,  can  than  ba  used  as  a  prototype 
froa  which  to  sake  certain  statistical  and  probability 
inferences.  A  useful  property  of  tha  standardized  nornal 
distribution  is  that  about  95%  of  tha  araa,  or  probability, 
lias  within  2  standard  dawiations  of  tha  saan.  Tha  stand¬ 
ardised  aoraal  curwe  and  table  of  waluas  is  shown  in 
Appendix  P. 

Tha  Student's  t,  or  sisply  t,  distribution  is  usad 
fcr  snail  saaples.  Tha  t  distribution  is  actually  a  faaily 
of  curwas  identified  by  degrees  of  freedos.  Degrees  of 
fraados  relates  to  tha  nun  bar  of  wariablas  in  an  agnation. 
Tha  residuals  for  tha  wariablas,  i.a.,  tha  errors  or  differ¬ 
ences  between  obsewerwed  and  calculated  waluas,  ara  said  to 
ba  'free*  in  that  they  can  ba  any  walua,  with  tha  condition 


that  their  ana  is  aero.  Thus,  not  every  residual  is  frss 
ones  other  rssi duals  have  value.  Cos put ar  printouts  usually 
print  degrees  of  fraadoa  as  a  noraal  output  of  intar ast.  T 
distribution  tables,  such  as  provided  in  Appendix  P,  sill 
yiald  a  standard ixad  deviation  froa  tha  aaan. 
Haiti plication  of  this  value  by  tha  aodel *s  standard  devia- 
tion  will  yiald  tha  probability  that  a  particular  value  viU 
ba  greater  than  an  expected  value.  It  can  ba  saan  that  tha 
t  distribution  and  standard  nornal  distribution  values 
con uaro a  for  large  nuabers  of  observations. 

Tha  aptnass  of  a  nodal  nay  also  ba  datarainad  by 
esaalnlng  its  pradiction  capability,  i  condition  of  aptnass 
is  that  arror  is  randoaly  distributed  with  constant  variance 
around  tha  aaan  osar  a  rang a  of  Taluas.  A  plot  of  rasiduals 
against  tha  individual  variables  will  daaonstrata  arror 
distribution.  Figure  a  d aeon strata s  possible  patterns  of 
residual  arror  whan  plotted  against  a  variable.  Figura  a 
(a)  illustrates  constant  variance  (hoaoascadicity)  over  tha 
range  of  x,  satisfying  tha  basic  aosuaption.  Figures  a  (b) , 
(c) ,  and  (d)  exhibit  non -constant  variance  (heteroscedas- 
ticity) .  Use  of  tha  variable  exhibiting  tha  characteristics 
of  any  of  tha  latter  three  exaaples,  will  introduce  non 
randoa,  focused  arror  into  particular  data  ranges  and  have 
undesired  influence  within  tha  aodel.  correction  of  hater- 
oscedastieity  nay  ba  accoaplishad  by  transforaation  of  tha 
variables.  Residual  analysis,  other  than  noting  that  parti¬ 
cular  variables  any.  have  undesirable  influence  without 
adjustaent,  is  beyond  tha  scope  of  this  writing,  however. 

flulticollinearity,  or  correlation  between  indepen¬ 
dent  variables,  can  also  produce  undesirable  affects  in  a 
aodel.  At  bast,  these  affects  are  unpredictable. 
Hulticollineerity  should/  ba  avoided,  if  possible. 


Figure  3*3  Prototype  Baa id uni  Plots 


C.  BBGBBSSXOI  BO  OB  LI  H6  TBCHVZQOES 
1*  UlUlllt  SllJSUSB 

1  regression  sod si  will  haae  tho  general  fore, 

I*  bO  ♦  bl  XI  ♦  b2  Z2  ♦••••♦  bk  Xk  ♦  error  (•) 

Tho  initial  sal action  of  variables  as  predictors  of  systee 
rasponsa  dapand  on  tbe  purpose  of  the  study,  logical 


assumptions  of  r  slat  ion  ships,  the  practical  cost/banafit 
considarations  of  data  availability,  and  tha  dasirad 
coaplaxity  of  tha  aodal.  salaction  of  tha  vaathar  variablas 
for  this  analysis  providas  amplification  of  thasa  points. 
Tha  purposa  of  a  vaathar  par avatar  study  would  ba  to  tast 
and  coapara  vaathar  affacts  on  anargy  usa.  Tha  ganaral  fora 
of  tha  vaathar  aodal  that  will  ba  dawalopad  is  givan  by, 

HBTO/SF-bO  *b1  1VGTEBP  *b2  HDD  *b3  CDD  +b4  PHECIP 

Tha  rasults  of  this  aodal  will  assist  in  answaring  partinant 
questions,  such  as,  Doss  alactricity  usa  show  a  strong 
corralation  with  vaathar  factors?  Hhich  vaathar  factors 
hava  tha  strongast  influanca?  Is  thara  a  ganaral  ralation- 
ship  batvaan  actiwitias  in  tha  saaa  cliaata  zona,  or  awan 
among  particular  typas  of  actiwitias?  Bora  important, 
though,  is  what  affact  do  as  tha  aodal  hawa  on  aanagaaant 
dac is ion  aa king? 

In  important  considaration  to  raaliza  bafora  final 
salaction  of  tha  variablas  is  that  tha  final  rasults  can  ba 
appliad  only  vithin  tha  contazt  in  which  thay  wara  datar- 
ainad.  Tha  final  aodal  will  show  only  a  ralationship 
batvaan  tha  input  variablas.  For  axaapla,  cooling  dagraa 
days  aay  show  a  strong  influanca  in  a  particular  aodal. 
That  influanca  aay  only  bo  ralavant  in  tha  prasanca  of  tha 
othar  salactad  variablas.  Tha  addition  of  anothar  variabla, 
such  as  hours  of  sunlight,  nay  dacraasa  tha  ralativa  sign!- 
ficanca  of  cooling  dagraa  lays  and  incraasa  tha  significanca 
of  pracipitation.  Salaction  of  paraaatars  for  study  should 
ba  givan  a  broad  considaration  first  with  a  narrowing  focus. 

availability  of  data  and  cost  of  tha  data  ara  impor¬ 
tant  for  obvious  raasons.  Tha  cost  of  acquiring  data,  in 
tar as  of  tiaa  and  aonay,  aust  ba  cost  affactiva.  It  sakas 
littla  sansa  to  acquira  data  that  raquiras  aany  manhour a  to 
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aaseable  and  refine  without  a  strong  iaproveaent  in  a  nodal 
and  a  high  Tala a  p lac ad  on  such  iaproveaent.  For  exaeple, 
total  year  waathar  suaaaries,  pablishad  for  aach  aaathar 
station*  vara  nsad  to  eollact  tha  necessary  vaathar  data 
nsad  is  this  stady  for  aach  activity.  salactioa  of  a  vidar 
variaty  of  variahlas  so old  hava  raqnirad  additional 
procassing  costs  by  tha  lational  Cliaatic  can tar,  and  a 
graatar  coapilation  prior  to  coapntar  procassing.  Tha  bene- 
fits  of  additional  data  vara  consider ad  lass  than  tha  cost 
and  tharafora  not  col  lac  tad. 

Tha  accaracy  of  data  vast  also  ba  considered  vithin 
a  cost  context.  Regression  is  often  asad  in  cost  astiaating 
large  govarnaant  contracts,  sach  as  tha  aegaisition  of 
veapons  systeas,  ships,  and  aircraft.  Historical  data  to 
tha  nearest  penny  rag air as  a  great  deal  of  research;  'ball 
park*  estiaates  defeat  tha  parpose  of  forecasting  cost.  1 
reasonable  aaoant  of  accaracy  is  deterained  by  tha  cost  of 
aeg airing  data  and  tha  parpose  sach  accaracy  vill  serve. 
Similarly,  tha  floor  areas  of  reporting  activities  aost  ba 
recognised  as  having  liaited  accaracy.  Bits  shov  only  a 
single  area  for  a  fiscal  year.  moving  tha  possibility  of 
a  net  affect  of  aero  daring  the  year  for  constroction  and 
deaolition  coabinations,  tha  sonatinas  lengthy  transition 
period  betveen  fall  occapancy  and  inactive  status  for  nav 
buildings  or  building  deaolitions,  tha  atteapt  to  refine 
sgaara  footage  to  a  completely  accurate  nan bar  voald  have 
bean  cost  ineffective  since  tha  final  results  say  shov  only 
a  snail  change  for  accaracy  adjust nants.  It  is  highly 
unlikely  that  records  voald  ba  kept  to  sach  a  level  of 
refinenent.  Records  pertaining  to  actual  energizing/deener- 
gising  dates  and  occapancy  status  voald  be  an  exception 
rather  than  tha  rale.  However,  the  user  should  realize  the 
liaits  of  tha  data  and  the  effect  on  tha  final  nodal  before 


expecting  too  such  fros  tho  model.  Alternatively#  model 
omi  can  bo  spocifiod  to  iaaoro  tho  data  will  bo  of 
appropriato  accuracy. 

2.  Building  Tho  Modal 

Although  graphical  comparison  of  systoa  rasponso  and 
various  systas  stisuli  is  not  nacassarily  an  intagral  part 
of  rogrossion  modeling#  it  doom  provide  a  visual  indication 
of  particular  patterns  and  trends  that  say  suggest  certain 
relationships.  Parts  A  and  B  of  Appendices  A-B  exhibit 
graphs  of  energy  use  and  weather  conditions  from  FT  75 
through  FT  81.  The  various  energy  use  graphs  show  a  variety 
of  patterns.  IBHC  Corpus  Christi#  for  example#  shows 
distinctly  different  patterns  before  and  after  the  start  of 
FT  79.  Prior  to  FT  79#  there  was  relatively  small  varia¬ 
tions  between  successive  peaks.  The  largest  peaks  seen  to 
occur  about  July  of  each  year.  The  mean  bbto/ksf  was 
decreasing  through  FT  76#  stabilised  in  FT  77#  and  rising  in 
FT  78-79.  The  July  peaks  after  the  start  of  FT  79  show  a 
sharp  increase  although  winter  minimuns  also  show  a  signifi¬ 
cant  decrease.  Zt  can  also  be  seen  that  there  was  a  milder 
winter  in  the  baseline  year.  Zn  fact#  there  was  a  mild 
winter#  relative  to  successive  years#  at  almost  all  of  the 
sample  sites.  The  composite  study  group  also  reflects  this 
occurrence. 

An  BAB  provides  only  yearly  energy  use  summary 
statistics.  The  averaging  of  the  vide  variations  shows  only 
a  relative  degree  of  change  of  the  mean.  The  visual  picture 
of  the  monthly  energy  use  sight  prompt  a  different  type  of 
response  for  the  decisionmaker.  One  might  speculate  that 
the  activity  added  large  air  conditioning  units  causing  the 
large  summer  peaks.  Bithout  such  air  conditioning  use#  it 
would  be  possible  that  the  remaining  use  level  had 


decreased,  as  indicatsd  by  tha  win  tar  lows.  The 
decisionmaker,  a wan  with  confirmation  of  thasa  hypothatical 
explanations,  would  ba  anabla  to  assass  at  this  point 
whathar  tha  incraasa  was  justifiable,  assnsing  tha  nacassity 
of  tha  air  conditioning.  Did  waathar  conditions,  i.e., 
unusually  hot,  N  husid  conditions  causa  graatar  usa?  Or  is 
air  conditioning  usa  azcassiwa? 

Tha  rasults  of  tha  four  waathar  wariabla  nodal  for 
MRHC  corpus  Christ!  is  shown  in  part  C  of  Appandiz  C.  Tha 
resultant  aquation  is  saan  to  ba, 

I* 29.7-0.0075  AfCTEHP-0. 0086HDDVQ. 0169CDD+0.246PRECIP 
(1.47)  (-.02  )  (-.67)  (1.46)  (1.23) 

Interpretation  of  this  agnation  is  that  for  a  unit  change  in 
any  one  of  tha  input  variables,  sytea  response  will  change 
by  tha  signed  nagnitude  of  tha  wariabla  coefficient  while 
tha  reaaining  variables  raaain  constant.  Tha  aagnitudas  of 
tha  coefficients  alone,  however,  do  not  indicate  their 
isportancs,  since  tha  units  of  each  variable  are  different. 
Relative  significance  is  deterained  by  tha  t-ratio  (coaf fi¬ 
de  nt  /standard  deviation)  .  T-ratios  are  shown  in 
parentheses  below  tha  coefficients.  CDD  is  saan  to  ba  thes- 
trongest  variable  by  this  criteria.  Recalling  that  tha 
aquation  is  an  estimator  of  tha  'true*  function  ,  tha  user 
night  want  to  test  tha  hypothesis  that  tha  individual  coef¬ 
ficients  are  0.  That  is,  is  tha  astinatad  coefficient  non* 
zero  because  of  tha  error  in  tha  estiaate?  To  determine 
whether  tha  value  is  significantly  different  than  0  with  95% 
confidence,  an  evaluator  would  compare  tha  observed  t  ratio 
to  tha  tabulated  t  distribution.  Since  each  ratio  is  lass 
than  2,  tha  value  of  0  as  tha  true  value  for  each 
coefficient  would  ba  accepted. 
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The  t  test  can  be  applied  only  to  a  single  coeffi¬ 
cient.  Even  though  none  of  the  coefficients  ha^e  a  t 
statistic  greater  than  the  critical  value  of  2.0,  it  can  not 
be  said  that  all  coefficients  are  0,  since  deletion  of  one 
variable  could  change  the  relative  significance  of  the 
regaining  variables.  To  test  the  hypothesis  that  all  coef¬ 
ficients  are  0  siaultaneously,  a  siailar  test  can  be 
performed  with  the  P  statistic.  In  the  case  of  >BBC  Corpus 
Christi,  F  is  coaputed  as  16.9  (498.94/29.53).  The  P  table, 
as  provided  in  part  c  of  appendix  P  would  be  used.  Entry  of 
the  degrees  of  freedon  of  the  'explained*  error  (4),  and 
degrees  of  freedoa  for  the  *unexpained'  error  (79),  yields  a 
value  of  between  5.66-5.69.  Interpretation  of  this  test  is 
that  the  risk  of  ass using  that  all  coefficients  are  zero, 
with  an  F*16.  9,  is  955.  It  would  thus  be  concluded  that  all 
coefficients  are  0. 

The  next  step  of  analysis  would  be  to  delete  the 
weakest  relative  variable,  in  this  case  average  teaperature, 
to  narrow  the  focus  of  consideration.  However,  the  fit  of 
the  sodel  by  R*  and  HSE  criteria  need  to  be  exasined  to 
coapare  the  relative  changes  in  other  aodels.  The  R*  value 
is  seen  to  be  46. IS,  which  will  be  the  aaxiaua  for  up  to 
these  four  variables.  It  is  also,  as  expected,  an  indica¬ 
tion  of  a  weak  fit.  (  i  value  in  the  order  of  90S  would  be 
hoped  for  in  this  type  of  prediction  aodel.)  The  HSE  (aean 
square  of  the  residuals  in  the  analysis  of  variance)  is  seen 
to  be  29.5.  Also  shown  in  the  analysis  of  variance  is  a 
listing  of  fourteen  points  which  ware  identified  froa  the 
total  of  84  as  having  adverse  effects  either  by  a  large 
standarized  residual (R)  or  a  large  influence  by  an  X  value 
(X)  • 

The  correlation  suaaary  indicates  a  further  problea 
of  aulticollinearity.  i  correlation  of  .956  between  average 
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tee  pe  rat  ore  and  COO  indicat  as  that  the  variations  in  the  tvo 
variables  are  alsost  identical  and  aove  in  the  saae  direc¬ 
tion.  The  -.884  correlation  between  average  teeperatnre  and 
HDD  indicates  thse  tvo  variables  are  also  strongly  corre¬ 
lated  bnt  aoved  in  opposite  directions.  That  is,  as  average 
tesperatnres  rose,  COD  increased  and  BOD  decreased.  These 
results,  as  previously  disease ed,  were  expected. 
Eli si nation  of  average  tesperatare  to  reduce  the  unpredic¬ 
table  effects  of  aulticollinearity  would  further  be 
suggested. 

a.  mining^  s£  l&sall 

Each  of  the  sod els  which  have  been  developed  for 
four  weather  variables  is  considered  to  be  the  full  aodel. 
That  is,  it  contains  all  of  the  variables  intended,  is  seen 
earlier,  it  will  have  the  best  fit  since  adding  variables 
will  always  isprove  the  B*  value.  But  the  full  aodel  nay  not 
always  be  the  'best*  aodel.  The  criteria  for  'best*  is 
established  by  the  decision aaker  based  on  the  intended  aodel 
use. 

Prior  to  considering  a  aodel  for  selection,  a  deter- 
aination  of  aptness  should  be  aade.  It  will  be  assuaed 
herein  that  all  aodels  are  apt  since  residual  analysis  is 
acre  appropriate  to  discussion  of  developing  realistic 
aodels  rather  than  the  aethodological  approach  taken  by  this 
thesis.  The  weather  variables  selected  for  this  study  are 
known  to  be  interrelated  and  of  little  practical  value  by 
theaselves. 

values  of  B*  and  BSE  are  the  aost  coaaonly  used 
indicators  of  fit.  Criteria  to  be  used  will  depend  on  the 
decisionsaker*s  needs  and  preferences.  is  previously 
discussed,  a  curve  of  B*  against  coabinations  of  variables 
will  generally  show  a  sharp  rise  initially  before  flattening 


as  it  approaches  a  aaxiaua  value.  The  'elbow  rule'  criteria 
sets  the  selection  of  'best*  at  the  point  where  the  flat 
zone  begins.  B*  will  change  very  little  for  adding 
variables. 

The  parabolic  curve  of  HSE  against  variable  coabina- 
tions  will  decrease  to  a  ainiaua  point  and  begin  to  rise 
again  past  the  'best*  point.  The  degree  of  change  as  HSE 
approaches  the  ainiaua  nay  also  be  very  slight,  though, 
indicating  that  the  addition  of  a  variable  will  decrease  HSE 
by  only  a  saall  aaount.  The  ainisua  point  aay  not  be  the 
saae  point  indicated  by  the  8*  'elbow  rule'  criteria. 

The  P  statistic  also  shows  the  explanatory  power  of 
a  aodel.  The  F  statistic  has  no  Baxiaua  or  threshold  value 
criteria.  A  ainiaua  criteria  can  set  based  on  the  confi¬ 
dence  level  test  that  all  variables  are  not  0,  as  discussed 
earlier.  The  ainiaua  point  deterained  for  a  95%  confidence 
level  was  found  to  be  5.68.  Below  this  F  level,  the  aodel 
would  be  rejected. 

An  iaportant  concept,  basic  to  either  criteria, 
however,  is  cost  effectiveness.  The  cost  of  a  aodel  aust  be 
less  than  its  value.  The  cost  effectiveness  should  decide 
the  coaplexity  of  the  aodel.  All  else  being  equal,  aodel 
selection  should  be  decided  by  optiaizing  cost 
effectiveness. 

Table  2  suaaarizes  the  results  of  regressions  for 
each  of  the  15  coabinations  of  aodel3  for  one  to  four  varia¬ 
bles  of  each  saaple.  The  B*  and  HSE  values  are  shown  for 
the  best  aodel  in  each  category  of  1,  2,  3,  or  4  variables. 
Continuing  the  use  of  HBHC  corpus  christi  for  illustrative 
purposes,  a  'best'  single  variable  aodel  would  use  CDD  as  a 
predictor,  with  an  R**44.  3%  and  HSE*29.42.  A  'best'  two 
variable  "odel  would  add  precipitation  as  a  predictor  with  a 
corresponding  gain  in  R*  of  0.9%,  with  a  decrease  of  0.16  in 
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BSB.  A  three  variable  aodel,  adding  HDD,  was  found  to 
increase  R*  by  0.9%,  with  a  decrease  in  HSE  of  0.10.  The 
addition  of  awerage  temperature  as  a  fourth  predictor  had  no 
noticeable  effect  on  B*,  bat  increased  the  HSE  by  0.37.  The 
P  statistic  shows  a  continuing  decline  as  wariables  are 
added,  although  staying  abowe  the  ainiaua  significance 
level.  Assuming  little  cost  difference  between  a  2  variable 
and  a  3  variable  aodel,  the  'best*  overall  aodel  would 
appear  to  be  the  three  variable  aodel  13. 

Table  2  provides  a  basis  of  making  soae  general 
observations.  selection  of  the  ’best*  models  based  on 
changes  versus  absolute  values  of  B*  and  HSE,  and  minimum  P 
value  criteria,  would  have  made  the  three  variable  model  the 
most  popular.  It  is  inter a sting  to  note  that  CDD  figured  as 
the  best  predictor  in  all  but  4  of  the  13  single  variable 
models,  in  all  but  1  of  the  two  variable  models,  and  in  10 
of  the  three  variable  models.  Hon  selection  of  a  CDD  model 
was  then  due  to  marginal  differences  in  almost  every  case. 
The  idea  that  more  may  not  be  best  was  clearly  demonstrated. 
Pull  models  for  Oakland  and  Jacksonville,  as  well  as  the 
three  variable  aodel  for  Oakland  were  rejected  on  the  basis 
of  P  test  significance^ 

The  approach  to  model  selection  would  generally  be 
the  same  for  the  activity  level  and  upper  echelon  decision* 
makers.  However,  the  issue  of  cost  effectiveness  would  be 
greater  at  the  upper  echelon  command.  The  activity  level 
decisionmaker  could  be  relatively  indifferent  to  the  differ* 
ence  in  complexity  between  a  three  and  four  variable  model, 
or  between  a  two  variable  and  a  three  variable  model. 
However,  an  upper  echelon  decimionaaker  evaluating  a  group 
of  reporting  commands  would  find  the  complexity  difference 
multiplied  by  the  number  of  reporting  activities.  In  this 
study,  the  decisionmaker  would  have  to  consider  the  cost  of 


55 


acquiring  and  processing  twelve  sets  of  data  against  the 
value  of  increasing  the  B  *  value  bf  0.1,  with  alaost  no 
change  in  HSB,  and  a  node  rate  decrease  in  the  value  of  P. 
The  purposes  of  the  information  would  be  a  large  influence 
in  the  selection.  Zt  would  be  expected  that  the  three 
variable  sodel  would  be  selected. 

Regression  aodeling  can  be  seen  to  be  an  involved 
process.  Its  value  is  in  the  determination  of  relationships 
between  sytea  response  and  specific  inputs.  The  relation¬ 
ships  would  be  useful  for  developing  a  plan  of  corrective 
action.  For  example,  the  strong  effects  of  cooling  degree 
days  would  suggest  investigation  to  deternine  ways  of 
reducing  such  effects.  An  activity  nay  decide  to  alter 
circuits  to  gain  a  better  balance  in  phase  loading,  and/or 
power  factor  corrections.  The  effect  of  air  conditioning 
could  sake  a  difference  during  the  cooling  season  and  be 
opposite  in  effect  during  the  remainder  of  the  year. 
Biannual  load  adjustments  might  then  be  appropriate  to 
cos penmate  for  such  effects.  Increased  insulation  against 
heat  losses  or  gains  might  have  cumulative  effects  during 
heating  and  cooling  seasons.  Initiation  and  prioritization 
of  projects  to  isplenent  necessary  changes  might  be 
effected.  Similarly,  an  upper  echelon  command  night  review 
its  priorities  of  funding  based  on  the  indications  of 
particular  regression  models. 

Evaluation  of  projects,  however,  is  perhaps  most 
significant  at  the  ZFD  technical  review.  The  estimation  of 
energy  savings  and  payback  periods  provided  by  the  engi¬ 
neering  staff  is  critical  to  the  funding  of  projects  in  many 
cases.  Erroneous  assumptions  of  system  interrelationships 
could  well  provide  the  difference  between  funding  or  not 
funding  a  project  that  could  either  save  energy  or  waste 
investment  capital.  Regression  analysis  provides  a  further 
tool  that  can  be  useful  in  assisting  such  decisionmaking. 
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D.  TIM  SERIES  HOD  ELS 


Regression  analysis  provides  a  capability  of  examining 
relationships  to  define  systea  output.  Tine  series  aodels, 
on  the  other  hand,  are  concerned  only  with  systea  output. 
The  sodel  defines  historical  patterns  and  trends  of  a  vari¬ 
able  by  aatheeatical  equations  vhich  it  uses  to  forecast 
future  states.  The  assuaption  in  both  cases  is  that  the 
patterns  and  trends  vill  continue  into  the  future. 

i  particular  value  of  this  net hod  is  in  the  ability  to 
ainisize  the  effects  of  unusual  events  and  base  forecasts  on 
expected  states.  One  of  the  concerns  expressed  for  the 
present  sytea  of  evaluating  energy  reduction  progress  is  the 
susceptibility  of  energy  use  to  noncontrollable  weather 
conditions.  The  strong  relative  influence  of  cooling  degree 
days  on  electricity  use  has  been  shown,  although  a  definite 
factor  of  use,  its  influence  would  be  seen  in  a  coaparison 
between  months  of  differing  teaperatares.  coaparison  would 
be  enhanced  by  accounting  for  a  difference  in  such  noncon¬ 
trollable  factors.  i  review  of  the  aonthly  electricity  use 
and  weather  suaaaries  in  parts  i  and  B  of  appendices  a-H 
illustrate  definite  patterns. 

BRHC  Great  Lakes  shows  a  specific  exaaple  of  the  occur¬ 
rences  of  unusual  weather  variations.  The  average 
teaperature  in  January  1977  was  15.5  degrees  lower  than  the 
saae  month  in  the  FT  75  baseline.  a  corresponding  increase 
of  519  heating  degree  days  (<M».7%)  in  FT  77  is  then  seen, 
coaparing  just  the  peak  cooling  degree  days,  disregarding 
the  month  of  occurrence,  also  shows  an  increase  of  38 
cooling  degree  days,  alaost  10*  greater,  in  FT  77.  a 
coaparison  of  energy  uses  would  certainly  be  influenced  by 
these  noncontrollable  factors  and  soaewhat  distort  an 
appraisal  of  energy  conservation  progress.  FT  75  seeas  to 
have  had  a  slider  winter  at  alaost  a very  one  of  the  saaple 


57 


sites.  The  total  groap  saaaarj  also  raflacts  this  fact. 
Ths  •valuator  aasds  a  saans  of  coopering  usas  that  allows 
consideration  of  sach  offsets.  Bp  basing  its  foracasts  on 
historical  trands  and  patterns,  tha  tisa  sarias  nodal 
provides  a  standardized,  and  parhaps  aora  seaningful,  basis 
of  coaparison. 

1.  Ulliflfl  Z2L  Uu  asiu 

Autocorrelation  is  nsad  to  dascriba  tha  association 
or  antnal  dapandanca  batwaan  values  of  tha  tiaa  sarias  at 
different  tiaa  periods.  It  relates  a  sarias  for  different 
tiaa  lags,  A  pattern  in  a  plot  of  residuals  say  iaply  auto** 
correlation.  One  statistical  test  for  tha  existence  of 
autocorrelation  is  tha  Durbin-Ratson,  or  D**fl  test.  Tha 
Durbin**  Hat  son  distribution  and  tabled  values  are  shown  in 
Part  D  of  Appendix  P.  Op  par  and  lower  D-i  values  of  D-R(u) 
and  D-H(l)  are  read  for  tha  appropriate  nuabar  of  indepen¬ 
dent  variables  (k)  and  saaple  size  (n) .  Tha  distribution 
curve,  syaaetrical  around  2.0,  is  divided  into  five  inter¬ 
vals:  (1)  lass  than  D-R(l),  (2)  batwaan  D-H(l)  and  D-R(u), 

(3)  batwaan  D-R(u)  and  4  -  D-H  (u) ,  (4)  batwaan  4  -  D-R  (u) 

and  4  -  D-R  (1) ,  and  (5)  sore  than  4  -  D-R(l).  If  tha  D-R 
value  is  in  interval  (1)  or  (5)  ,  it  is  likely  that  autocor¬ 
relation  is  present.  Tha  test  is  inconclusive  if  tha  test 
value  is  in  intervals  (2)  or  (4). 

Tha  D-R  test  value  for  each  sasple  is  shown  in  part 
c  of  Appendices  A-H.  Por  4  independent  variables  and  84 
observations,  D-R  (1)*  1.49  and  D-R  (u)  *1.68.  Thus,  for  this 
study,  if  tha  D-R  statistic  is  between  1.49  and  1.68,  it 
would  be  concluded  that  there  is  no  autocorrelation  and  tiaa 
series  sodaling  would  not  ba  indicated.  Caap  Lejeune  was 
tha  only  activity  in  tha  no  autocorrelation  interval;  San 
Diego  data  proved  inconclusive.  All  others  activities 
indicated  definite  autocorrelation. 


V.  <■. 


2.  cattfitfita  al  llu  stilts  mixsis 


In  this  section,  ths  basic  concepts  needed  to  under¬ 
stand  the  basic  preaises  of  tine  series  analysis  before 
application  to  aodeling  techniques  will  be  presented. 

The  general  fori  of  the  regression  eodel  was  estab¬ 
lished  as, 

T  *  bO  ♦  bl  XI  ♦  b2  Z2  bk  Xk  ♦  error(e) 

i  siailar  concept  in  tine  series  analysis  is  autoregression 
which  relates  past  values  >f  a  dependent  variable  to  itself, 
i.s,  auto  (self)  regression.  The  general  fore  of  the 
equation  would  then  be, 

I  *  bO  ♦  bl  T(t-1)  ♦  b2  T (t-2)  ♦ . ♦  bk  T(t-k)  ♦  e 

1  tine  lag  is  the  tine  interval  offsetting  the  variable 
being  forecast.  The  term  I  (t-2)  indicates  a  tine  lag  of  2 
fro a  T (t) •  leather  data  woulJ  have  a  tine  lag  of  12  aonths, 
indicating  a  12  nonth  repeating  pattern. 

Autoregression  differs  fron  regression  in  that  the 
residuals  of  the  independent  tiae  series  variables,  i. e., 
Y(t-1),  I  (t-2),  etc.,  usually  depend  on  each  other.  The 
nuaber  of  independent  variables  to  include  in  a  tiae  series 
is  aore  difficult  to  deteraine  in  autoregression. 

Autocorrelation  coefficients  (ACF)  can  be  coaputed 
as  an  indication  of  how  successive  values  of  the  sane 
variable  relate  to  each  other.  They  are  also  useful  in 
deteraining  whether  data  are  randoa,  stationary  (oscillate 
around  a  constant  aean) ,  the  level  at  which  data  becoaes 
stationary,  data  seasonality,  and  the  length  of  seasonality. 
Tests  siailar  to  those  shown  for  regression  analysis  can  be 
applied  to  ACFs  to  deteraine  characteristics.  The  ACF  in 
randoa  data  have  a  seep  ling  distribution  that  can  be 
approxiaated  by  a  noraal  curve  with  eean  zero  and  standard 
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approximated  by  a  noraal  curve  with  aaan  zaro  and  standard 
deviation  of  /IT  .  Thus,  residuals  ara  not  considered  randon 
if  lass  than  95%  of  the  ACFs  ara  within  2  standard 
deviations  of  the  aaan. 

The  characteristic  of  stationarity  can  also  be  seen 
by  analysis  of  AC7.  Stationarity  aaans  there  is  no  growth 
or  decline  in  the  data,  i.e«,  data  fluctuates  around  a  cons¬ 
tant,  horizontal  aaan.  Electricity  use  data  will  be 
expected  to  be  nonstationary,  hopefully  decreasing.  Veather, 
however,  should  be  relatively  stationary.  ACF  of  stationary 
data  drops  to  zero  after  two  or  three  tiae  lags,  whereas  AC7 
of  nonstationary  data  will  be  significantly  different  fros 
zero  for  several  tiae  periods,  exhibiting  a  trend  with 
increasing  tiae  lags.  tea oval  of  nonstationarity  is  neces¬ 
sary  to  eliminate  the  effects  of  a  trend  in  the  ACFs  before 
proceeding  in  tiae  series  analysis.  This  is  achieved  by  a 
aethod  of  differencing.  A  new  series  is  created  by 
subtracting  successive  values  and  using  those  differences  as 
a  new  series.  The  order  of  differencing  is  deter ained  by 
the  nuaber  of  applications  before  data  drops  to  zero  after 
two  or  three  tiae  lags.  Generally,  real  data  will  not 
reguire  aore  than  first  or  second  order  differencing. 

Voraally,  a  moving  average  refers  to  a  continuing, 
or  aoving,  process  of  computing  an  average  for  a  set  of 
observations,  adding  a  new  observation  while  excluding  the 
oldest  to  yield  a  new  average.  As  applied  in  this  context, 
moving  average  indicates  a  process  to  isolate  data  not 
possible  by  autoregression  aodels.  Instead  of  basing  its 
forecasts  on  past  values  of  a  variable,  the  aoving  average 
bases  its  forecast  on  a  linear  combination  of  past  estiaated 
errors.  A  coabination  of  the  the  two  methods  to  sake  a 
single  ASIA  aodel  is  a  powerful  tool.  But,  it  took  third 
generation  coaputers  to  make  ABBA  aodels  applicable  on  an 
operational  level. 
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Partial  autocorrelation*  (P1CF)  ara  useful  in 
identification  of  an  appropriate  IRB1  eodel.  P1CF  is 
defined  as  the  last  autoregressive  tare  of  an  iR  eodel.  For 
an  s  order,  or  iR(a),  eodel,  only  ep  to  a  teres  will  be 
statistically  different  fro a  zero;  farther  terns  will  not. 

Seasonality,  defined  as  a  pattern  that  repeats 
itself  over  a  fired  interval  east  be  accounted  for  in  tine 
secies  analysis.  feather  factors  sach  as  average  teapera- 
tare,  heating  degree  days,  and  cooling  degree  days  would  be 
seasonal.  Seasonality  would  be  detected  in  an  analysis  of 
1CF  by  a  pattern  of  high  values  eeerging  froa  one  period  to 
the  nert.  Weather  would  be  expected  to  show  a  12  aonth 
seasonal  pattern.  &  coabination  of  seasonality  and  trend 
growths  sake  autocorrelation  patterns  difficult  to  deter* 
sine.  Data  east  be  aade  stationary  before  seasonality  can 
be  easily  detersined. 

Si ail a r  to  regression  eodels,  tine  series  aodels  use 
the  sea  of  the  squared  errors  (SS)  and  HSR  in  deter aining 
how  well  a  curve  fits  the  data.  Since  data  points  are  'lost* 
daring  differencing  and  tine  lag  calculations,  the  effective 

saaple  size  decreases. 

B.  TIRE  SBRZBS  BODBLXIG  TECHVIQOBS 

autoregressive  (IR)  aodels  were  first  introduced  in 
1926.  Roving  average  (Hi)  aodels  were  later  developed  in 
1937.  IRfli  aodels  did  not  begin  their  evolution  until  1938. 
Since  then,  extensive  work  has  been  done  to  develop  effi¬ 
cient  procedures  and  extend  results  to  include  seasonal  tiae 
secies.  In  1970,  George  Box  and  Gwilyn  Jenkins  introduced  a 
coaprehensive  eat  hod  of  aodeling  univariate  tise  series. 
The  Bor* Jenkins  sethod  has  bacons  synonyaou a  with  general 
IRfli  processes  applied  to  tiae  secies  analysis,  forecasting, 
and  control.  (Reft.  11]  1  scheaatic  representation  of  their 


approach  is  shown  in  Figure  5  Tha  Box- Jenkins  wot hod  will 
bs  ths  gsnaral  basis  of  ths  aethodology  to  bs  prsssntsd  in 
this  section.  However,  it  will  ba  aodifiad  soaawhat  to 
accoaaodata  affactiwa  iapleaestation  within  operational 
con aand  lawals  of  OOM.  Bodals  of  electricity  as a  par  square 
foot  will  ba  dawalopad  for  tha  thirteen  saaplas  with  a 
discnsssion  of  results  highlighting  ia portent  concepts  and 
results . 


Figure  3.1  Scheaat|c  Representation  of  the  Bor- Jenkins 


i.  Skill  1 


A  specific  ABBA  model  froa  &  general  class  of  ABBA 
proesssss  is  initially  sal  act  ad  foe  computation  and  a  valua¬ 
tion,  Salactioa  of  a  aodal  should  norsally  be  basad  on 
stationary  data,  nacassitating  application  of  diffarancing 
■at  hods  prior  to  sodal  idantification.  However,  sosa 
software  packages,  such  as  HXBITAB,  are  capable  of 
simultaneous  diffarancing  and  ABBA  processing.  The 
methodology  used  herein  will  assumm  prior  or  simultaneous 
diffarancing. 

The  ganaral  notation  of  a  modal  is  AB (p)  I (d)  HA (g) , 
or  simply  ABIHA  (p  d  q),  where  p,  dt  g  represent  the  orders 
of  autoregressive,  differencing,  and  moving  average 
processes.  A  similar  notation  for  a  model  with  seasonality 
considerations  will  be  ABIHA  (p  d  g)  (P  0  Q)  S*12,  where  the 
upper  case  letters  have  identical  meaning  as  the  lower  case 
letters  except  for  their  application  to  seasonal  orders.  s 
is  the  length  of  the  seasonal  period  of  time,  which  will  be 
defined  as  12  months  in  this  thesis. 

There  are  various  ways  to  estimate  the  initial 
values  of  orders.  Such  methods  can  be  time  consuming,  tech¬ 
nical,  and  laborious.  Visual  analysis,  however,  can  also  be 
effective  and  will  be  applied  here.  Identifying  the  order 
of  AB  process  can  be  done  by  examination  of  the  PACP  plots. 
It  will  be  recalled  that  the  PACP  is  defined  as  the  last 
significant  term  of  an  AB  model.  A  sharp  drop  from  a  signi¬ 
ficant  value  to  a  nonsignificant  value  after  p  time  lags 
would  indicate  the  order  of  the  AB  process.  An  exponential 
decay  from  a  high  initial  magnitude  for  increasing  time  lags 
would  indicate  an  BA  process  instead.  Before  making  a  final 
first  estisate  of  p,  it  must  be  considered  that  prior 
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differencing  wo  old  normally  have  been  done.  If  sot,  the 
nonstationarity  offsets  of  tho  data  eay  also  bo  included.  & 
coo bination  of  trend  and  seasonality  nay  bo  difficult  to 
separate  froa  the  obsrved  PACF  patterns,  seasonality  can  be 
seen  in  tbe  12  aonth  recurring  pattern  in  PACF.  In  the 
observation  of  aonthly  energy  use  of  the  total  study  group, 
a  trend  of  use  can  be  seen  after  PI  79.  Differencing, 
usually  a  first  order  process,  vould  be  necessary.  The  PACF 
plot  shows  4  significant  values  before  dropping  to  an  insig¬ 
nificant  value.  A  value  of  p»4  is  suggested.  A  basic 
preaise  of  the  Box-Jenkins  approach  is  that  of  parsiaony,  or 
selection  of  the  least  nuaber  of  parameters.  Voting  the 
proxiaity  of  the  fourth  value  to  the  critical  2//n  point, 
or  .214,  and  the  possible  influences  of  seasonality  and 
trend  would  suggest  a  lower  nuaber  aight  be  used,  say  p»2. 

An  examination  of  the  ACF  plat  should  specify  an  1R 
aodel  or  indicate  the  order  of  the  BA  process.  The  behavior 
of  ACF  is  just  the  opposite  of  PACF.  An  exponential  decay 
for  increasing  tiae  lags  indicate  an  AR  process;  a  drop  to 
zero  after  g  tiae  lags  indicates  an  HA  process  of  the  order 
of  significant  points  before  a  drop  to  zero.  Figure  6 
demonstrates  differences  in  behavior  of  particular  AR  and  HA 
aodels.  The  ACF  plot  for  the  total  study  group  shows  2 
significant  values  before  the  high  initial  aagnitude  drops 
to  zero.  A  value  of  q«2  is  indicated. 

Using  approxiaataly  the  saae  reasoning  process  for 
the  seasonality  effects,  i. e. ,  values  for  tiae  lag  of  about 
12,  vould  indicate  P*1.  It  is  difficult  to  separate 
seasonal  trend  froa  noraal  trend.  An  initial  estiaate  of 
D*0 ,  ass using  the  observed  growth  is  all  noraal.  The 
seasonal  pattern  in  ACF  shows  an  exponential  decay  for  12 
month  lag,  and  therefore  a  seasonal  AR  process  is  indicated, 
i.e . ,  Q*0. 


64 


kViiii* 


v[y 


The  expected  behavior  of  the  autocorrelation 
ana  partial  autocorrelation  coefficients 


and  partial  autocorrelation  coefficients 

dA*Mto  '  <c>  “,1*' 

Source:  Halcradakis.  and  fheelwright, 
z&nsflftilafls  aet Sods  m4  1978 


Figure  3.5 


Autocorrelation  and  Partial  Autocorrelation 
Functions 


The  final  tentative  aodel  then  would  be  ABIBA  (2  1 
2)  ( 1  0  0)  S*12.  It  east  be  stressed  that  this  is  a 
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tentative  aodel.  It  aay  or  aay  aot  be  accurate  for  a 
variety  of  reasons,  such  as  the  existence  of  a  noise  level 
lowering  or  raising  the  theoretical  values  of  ACF  or  PACF, 
or  the  unknown  variation  due  to  randoaness.  The 
identification  process  is  not  nechanical;  huaan  judgment 
plays  a  strong  role.  The  final  aodel  for  the  study  group, 
based  on  ainiaua  BSE  with  no  significant  values  of  residual 
ACF  was  found  to  be  ARISA  (2  1  2)  (1  0  1)  S*12.  The 

trial •and*  error  approach  required  several  iterations  before 
the  ‘best*  aodel  was  deterained. 

As  a  aeans  of  providing  a  guideline  for  aodel 
identification,  the  following  suaaary  of  the  procedure  used 
above  is  provided: 

1.  Review  the  data.  Visual  observations  of  seasonality 
and  trends  will  assist  coning  estinations. 

2.  Obtain  a  stationary  series.  If  possible,  this  should 
be  done  next.  However,  if  software  capabilities 
allow,  this  can  be  included  within  step  3. 

3.  Exaaine  the  reaaining  correlations,  i.e.,  those  that 
do  not  drop  off  to  zero,  to  deteraine  the  order  of  AR, 
HA,  or  ARHi  processes.  Figure  6  show  the  expected 
behavior  of  ACF  and  PACF  for  AR(1),  AR(2),  HA(1),  and 
HA  (2)  aodels  that  aay  aid  in  deteraination  of  order. 

4.  Identify  seasonality  effects.  A  repeat  of  steps  1*4 
procedures,  looking  at  the  ACF  and  PACF  at  the 
seasonal  tiae  intervals.  Intervals  aay  not  always  be 
exactly  12,  allowing  for  weather  variations  to 
coapress  or  expand  the  actual  interval. 

2.  £hA2£  II:  Bglliasiaa  and  Xaaiiaa 

Estiaation  of  paraaeters,  according  to  the 
Box*Jenkins  approach,  is  the  next  step  of  the  process.  The 
coefficients  of  the  underlying  aatheaatical  equations  would 
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be  specified  to  give  a  minimum  value  of  BSE.  The  parameters 
would  then  be  entered  into  tha  computer  for  computing  diag¬ 
nostic  information.  Mot  all  software  packages  require 
parameter  specification  as  input,  however.  BIMITAB,  for 
example,  requires  only  an  ABIBA  specification,  such  as  ABIBA 
(2  1  2) (1  0  1)  s*12,  for  a  seasonal  model,  or  simply  ARIBA 
(2  1  2)  if  the  model  is  not  seasonal.  Other  software 

packages,  such  as  IDA,  do  require  parameter  specification. 
Such  specification  requires  a  mathematical  understanding  of 
the  underlying  equations  of  the  model  which  is  beyond  the 
scope  of  this  paper,  and  would  be  difficult  to  apply  at  the 
operational  command  level.  Thus,  it  will  be  assumed  here 
that  parameter  selection  is  not  required,  or  that  textbooks 
for  the  basic  level  of  mathematical  theory  necessary  to 
estimate  the  parameters,  are  available.  This  will  enable  a 
more  general  presentation  of  methodology.  The  simplicity  of 
; the  methodology  is  important  to  any  expected  application 
within  DOD  or  DOM.  The  BIMZTAB  software  package  simplifies 
the  entire  approach  to  model  building  so  that  a  thorough 
treatment  of  the  identification  process  is  not  even  entirely 
necessary.  Arbitrary  models  can  be  selected,  entered,  and 
computed  in  a  natter  of  seconds.  The  penalty  for  being  too 
arbitrary  is  that  the  user  loses  direction.  An  improper 
initial  model  selection  resulted  in  misdirection  several 
times  during  the  development  of  the  models  for  these 
samples. 

Diagnostic  checking  of  the  estimated  model  is  based 
on  two  checkpoints.  The  first  check  is  to  see  whether  the 
ACT  of  residuals  exhibit  randomness,  i.e.,  95*  of  the  ACF 
points  should  lie  within  2  standard  deviations  of  the  mean. 
The  second  check  is  that  BSE  is  minimal.  The  rigidity  in 
applying  these  criteria  is  similar  to  that  discussed  for 
regression  models.  The  existence  of  one  or  two  points 
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outside  tlx*  confidence  lisits  say  be  unacceptable  in  view  of 
the  effort  required  to  aodify  the  iodel.  The  Magnitude  of 
BSE  nay  be  seall  enough  that  a  change  in  BSE  by  a  nore 
coupler  aodel  would  be  of  little  consequence,  or  the  rela¬ 
tive  ease  of  iaproving  the  ABXBA  aodel  for  even  a  slight 
improvement  eight  justify  additional  coeplexity. 

In  fitting  the  aodels  for  the  sasples  of  this  study, 
three  aodels  were  chosen  for  illustrative  inclusion  in  Part 
D  of  Appendices  A-B.  The  first  aodel  atteapted  any  or  aay 
not  have  been  the  aodel  indicated  during  the  identification 
phase.  i  second  aodel  is  shown  for  coaparative  purposes  as 
atteapts  to  improve  the  ACF  pattern  and  BSE  aagnitude  were 
aade.  The  final  aodel  shown  was  used  to  forecast. 

NHBC  Jacksonville  can  be  used  as  an  illustration, 
in  initial  aodel  was  developed  on  observations  froa  ACF/PACP 
plots  that,  (1)  PACF  dropped  to  0  after  1  tiae  lag,  (2)  ACF 
fell  to  zero  after  3  tiae  lags,  (3)  visual  survey  of  BBTO/SP 
shoved  nonstationarity,  (4)  seasonal  PACF  did  not  drop  to  0 
until  after  two  seasonal  tiae  lags,  (S)  ACF  showed  soae 
trend,  and  (6)  ACF  fell  to  0  after  1  tiae  lag.  Thus  an 
initial  aodel  of  ABXBA  (1  1  3)  (1  1  2)  S*12  was  atteapted. 
Only  one  ACF  point  was  significant;  an  BSE  of  11.518  was 
deterained.  Siaplifying  the  aodel  to  an  ABXBA  (1  1  2)  (1  1 
1)  S«12  only  decreased  the  significance  of  the  first  point 
and  increased  an  insignificant  point  to  significance.  BSE 
increased  to  12.063.  At  this  point,  either  aodel  would  be 
acceptable,  although  the  second  aodel  would  be  preferable. 
The  second  aodel  suggests  that  a  seasonal  adjustaent  aight 
iaprove  the  aodel,  since  the  significant  points  were  at 
t-24,  and  t-37.  The  aodel  ABIBA  (1  1  3) (1  0  2)  S-12  did 
iaprove  the  ACF  pattern  and  had  an  BSE  of  11.121.  It  was 
accordingly  deterained  as  the  'best*  aodel  for  forecasting 
at  that  activity. 


3.  Pha se  III:  Forecasting 


The  suaaary  statistics  for  the  BBBC  Jacksonville 
ABI HI  (1  1  3)  (1  0  2)  S*12  aodel  display  a  12  aonth  forecast 

of  electricity  use  (FT  82)  •  The  forecast,  based  on  the 
historical  patterns  and  trends  of  ase  at  BBBC  Jacksonville 
is  its  expected  electricity  ase  in  FT  82.  The  fitted  sodel 
and  forecasted  values  are  shovn  in  Part  F  of  Appendices  A-B. 
The  resultant  curve  is  really  not  auch  easier  to  visually 
interpret  than  the  initial  electricity  use  curves,  except 
that  forecasted  FT  82  values  have  been  added.  An  iaposed 
plot  of  actual  FT  82  use  and/or  baseline  use  sight  afford  a 
useful  and  easy  aeans  for  soaparing  actual  FT  82  use. 

Since  the  basic  intent  of  energy  aeasureaent  is  to 
cos pare  change  froa  the  baseline,  it  would  be  useful  to 
interpret  the  sodel  results  in  this  sane  light.  Bith  the 
fitted  sodel  values  still  in  the  coaputer  aeaory  bank,  it  is 
fairly  siaple  to  regress  the  fitted  values  against  tine  to 
develop  a  curve  of  trend.  This  provides  a  very  clear 
interpretation  of  the  tiae  aodel  affording  calculations  of 
percentages  of  change  anywhere  along  the  curve. 

Part  E  of  Appendices  A-B  provide  a  statistical 
suaaary  of  such  a  regression.  The  value  of  these  statistics 
is  ainiaal  relative  to  the  noraal  inforaation  given  by 
regression.  Boreal  interpretation  of  B*  and  BSE  are  rela¬ 
tively  aeaningless  in  this  application.  But  the  curve  does 
represent  the  best  fit  of  a  straight  line  through  the  fitted 
data  points  giving  the  trend  of  forecasted  use.  The  trend 
line  is  shovn  in  Part  F  of  these  Appendices. 

A  conposite  curve  of  actual  ase,  fitted  sodel,  and 
trend  of  use  is  skovn  in  Part  8.  The  fitted  curve  of 
expected  values  provides  a  benchsark  for  coaparison  of 
actual  use.  The  Bay  1978  spike  in  energy  use  previously 
discussed  could  now  be  acre  effectively  evaluated.  The 


aodel  curve  indicates  expected  use.  In  fact,  a  fairly  large 
increase  froa  April  would  have  been  expected.  Ibe  aagnitade 
of  the  difference  between  expected  and  actual  use  be  a 
potential  target  of  inwest igation. 

The  FT  82  forecast  has  been  drawn  with  95*  confi¬ 
dence  limits,  calling  attention  to  the  fact  that  the  aodel 
cor we  is  an  expected  walne  estiaate  of  a  •true*  function. 
There  will  be  allowances  for  error.  A  confidence  interwal 
around  the  entire  fitted  carwe  of  the  model  coaid  hawe  also 
been  plotted.  However,  the  loss  of  clarity  resulting  froa 
the  extra  lines  would  not  be  justifiable.  The  forecast 
interwal  will  hawe  contol  system  applications  to  be 
discussed  in  Chapter  ?• 

A  numerical  summary  of  actual  use,  aodel  forecasts, 
and  trend  projections  for  each  sample  is  provided  as 
Appendix  I.  At  the  end  of  each  activity  summary  is  a 
comparison  of  particular  use  with  the  baseline.  The  first 
column  is  the  actual  use  reported  and  resultant  change.  The 
FT  81  target  was  -12*.  The  second  column  shows  the  forecast 
values  for  FT  81  and  FT  82  with  the  percent  change  from  FT 
75.  The  final  column  is  similar  to  column  2  but  is  based  on 
trend  comparisons.  For  the  study  group,  for  example,  a  9.3* 
increase  was  forecasted  for  FT  81  by  the  tine  series  model. 
A  10.3*  increase  was  actually  reported.  However,  the  trend 
of  use,  10.8*  night  at  least  indicate  the  rate  of  growth 
from  FT  75  had  slowed.  There  are  numerous  applications  of 
these  results,  such  as  relative  comparisons  with  other 
activities,  comparison  of  activities  in  a  particular  weather 
xone,  comparisons  by  sise,  patient  occupancy,  or  facility 
age,  that  could  be  meaningful  to  an  evaluator.  An  extension 
of  trend  identification  could  be  to  use  different  origins. 
For  example,  IBBC  Orlando  shoved  a  greater  trend  of  increase 
after  FT  79.  Such  trend  would  have  been  averaged  out  over 


the  FI  75  -  FI  82  data  period.  Regression  of  aodal  values 
against  tiaa  froa  FI  79  would  show  the  trand  of  asa  froa  FI 
79.  Tha  affacts  of  a  particular  event,  such  as  facility 
expansion  or  technological  innovation,  could  than  be 
isolated  for  aaaningful  evaluation. 


i?.  flsfi  cizssfiftx  asms  oz  stscmgiix  izz 


Models  of  electricity  ass  by  category  codas  using 
regression  techniques  sill  be  exaained  in  this  chapter*  The 
developaent  of  coefficients  of  use  for  various  categories  of 
use,  and  their  application  in  a  nodular  baselines,  will  be 
deaonstrated.  The  average  aonthly  electricity  use  and 
buildings  relating  to  that  use  for  FT  75  for  the  12  VKHC 
saaple  will  be  the  basis  of  this  study. 

The  previously  discussed  problens  of  changing  aissions, 
growth  of  electronic  technology,  and  the  corresponding 
building  use  changes  to  accoaaodate  such  changes  serve  to 
confuse,  if  not  distort,  the  basis  of  energy  reduction 
coeparisons.  If  the  purpose  of  aeasuring  electricity  use  on 
a  per  square  foot  basis  is  only  to  prorate  energy  use  for 
different  size  bases,  it  would  sees  unreasonable  then,  in 
light  of  the  technological  growth,  to  expect  a  20 X  reduction 
by  FT  85.  If,  on  the  other  hand,  the  goal  of  aeasureaent  is 
to  effect  an  increased  efficiency  of  use,  there  east  be  a 
seans  of  asking  allowances  for  the  changes  in  sission  and 
building  uses. 

Conversion  of  a  low  energy  intensity  warehouse  for 
installation  of  a  greater  energy  intensive  aviation  trainer 
was  discussed  in  Chapter  II  as  a  distortion  of  aeaningful 
energy  usage  coeparisons.  Capital  iaproveaents  for 
insulation,  lighting,  etc.  ,  say  have  been  highly  effective 
in  raising  the  energy  efficiency  of  the  warehouse.  However, 
the  trainer  equipaent  installation  would  probably  doainate 
use  such  that  the  total  energy  use  would  be  increased.  The 
value  of  coopering  the  energy  efficiency  progress  has  been 
lost. 


In  other  case*,  building  use  has  been  downgraded  as  sore 
aodern,  accoaeodating  facilities  have  been  constructed. 
Bather  than  deaolish  an  inherently  energy  inefficient 
building,  a  coaaon  tactic  is  to  use  the  building  for  a 
different  purpose,  such  as  office  space,  warehouse/storage 
space,  or  recreational  space.  The  selection  of  these 
particular  uses  is  coseon  inasauch  as  priority  of  liaited 
construction  funds  is  usually  lower  than  aission  essential 
project  funding,  is  a  result,  there  is  usually  a  backlog  of 
such  projects  awaiting  funding.  Vacated  buildings  easily 
becoae  a  target  for  innovative,  resourceful  aanagers  to  ease 
particular  reguireaents.  In  fact,  this  aay  be  a  very 
practical  action  with  large  benefits  to  aorale.  The  effect 
on  energy  use  coaparisons  is  less  beneficial.  The  new 
facility  aay  have  auch  greater  energy  efficiency.  The 

activity's  overall  use  per  square  foot  aay  iaprove.  The 
converted  facility  aay  also  have  a  lower  energy  use  per 
square  foot  but  not  necessarily  as  a  a  result  of  any 
efficiency  iaproveaents,  though.  is  would  be  noted  by  TBB 
advocates,  energy  would  be  wasted  by  the  building's 
inefficiency  even  though  end  use  would  have  decreased. 

Only  if  a  building's  functional  use  reaained  generally 
constant  during  the  period  of  coaparison  can  any  valid 
conclusions  be  aade  at  present.  The  problea  is  in  providing 
a  basis  cf  coaparison  when  changes  have  occurred.  k  aeans 
of  effecting  relatively  siaple  changes  in  the  baseline  to 
reflect  the  changed  uses  would  be  useful. 

k  nodular  construction  of  the  baseline  would  offer  such 
a  aeans  of  adjustaent.  In  the  case  of  the 
warehouse-to-trainer  conversion,  a  standard  use  value  for 
warehouses  could  be  deducted  froa  the  baseline  use,  and  be 
replaced  by  a  standard  use  value  for  a  trainer  facility. 


in  exaaple  of  the  opposite  effect  would  bo  tho 
coa worslon  of  a  Vorld  Bar  IX  vintage  Butler  building  froa  an 
industrial  shops  aroa  to  a  racroation  cantor.  Tho 
con Torsion  sight  havo  taken  place  as  the  result  of  a  now 
Public  Works  facility  which  had  ozpandod  to  aoot  an 
incroasod  activity  aission.  Tho  Butlor  building  with  its 
characteristic  thin,  sheet  aetal  outer  walls  and  concrete 
floors  would  bo  highly  energy  inefficient.  The  roplacoaont 
of  tho  industrial  equipaent  with  recreational  eguipaont 
would  certainly  lower  tho  energy  use.  kdjustaont  of  tho 
baseline  by  replacing  an  FT  75  standard  industrial  use  with 
a  personnel  support  use  standard  would  allow  a  valid 
coaparison  of  the  change.  it  present,  however,  the  energy 
baselines  are  fairly  rigid  and  rarely  adjusted. 

i.  Dili  COWSXDEBiTIO WS 

The  data  necessary  to  support  a  developaent  of  such 
standard  uses  is  not  readily  available  at  present.  The 
WiPFiC  P-164,  Detailed  Inventory  of  Baval  Short  activities, 
was  exaained  as  a  possible  source  of  data.  The  P-164  lists 
all  the  buildings  at  every  location  throughout  the  Baval 
Shore  Bstablishaent  by  category  code,  year  of  construction, 
floor  area,  dinensions,  cost  data,  and  various  other  details 
of  inventory  data.  Changes,  suck  as  would  occur  by  new 
construction  of  facilities,  alterations,  deaolititons,  or 
redesignated  uses,  are  required  to  be  done  on  a  tiaely 
basis.  However,  this  reporting  function  generally  has  low 
activity  priority.  Beviews  are  sporadic;  subaissions  nay  be 
several  years  out  of  date. 

ictivities  were  originally  tasked  with  developing  their 
own  baseline  areas.  Then,  any  changes  to  be  Bade  were 
requested  via  official  channels.  It  is  therefore  difficult 
to  reconstruct  the  baseline  anywhere  beyond  the  activity 
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level.  The  areas  actually  shown  in  tha  P-164  nay  b« 
|  assigned  to  a  particular  station,  bat  its  snare-  use  accoun¬ 

table  tc  another  coaaannd.  Thus,  identifying  a  building's 
azistanca  in  FT  75  by  tha  P-164  doas  not  nacassarily  naan 
that  it  has  baan  indudad  in  tha  basalina  araa  of  tha  plant 
j  proparty  racord  holdar.  Fanily  housing,  for  azaspla,  is 

listad  on  tha  plant  proparty  racords  of  tha  applicabla 
activities  bat  anargy  as a  is  raportad  to  tha  Housing 
Hanagasant  Cantars. 

|  Tha  functional  usa  of  a  building  or  araa  within  a 

building  is  idantifiad  in  tha  P-164  by  a  5  digit  usa  coda, 
such  a  coda  is  not  nacassarily  ralatad  to  its  anargy  usa. 
For  azaspla,  610  as  tha  first  thraa  digits  of  tha  catagory 
coda  idantifias  an  ad sin is t rati va  use.  610-10  furthar  iden- 
tifias  offica  spacas,  whila  610-20  idantifias  data 

procassing  cantars- two  wary  different  types  of  anargy  use. 
Living  spacas  are  broken  down  between  categories  of  officer 
ItfW  (724)  and  enlisted  (721).  Furthar  distinction  is  made  by 

paygrade  groups,  such  as  81-E4  (724-11)  and  03  and  above 
(724-12).  Tha  differences  in  these  catagory  codas  reflect 
only  construction  criteria,  although  anargy  usa  characteris¬ 
tics  would  be  sinilar.  In  tha  IHHC  sanple  there  ware  over 
80  significant  catagory  codas  that  would  be  considered  as 
contributors  to  anargy  usa.  It  was  felt  that  a  grouping  by 
catagory  codas  of  anargy  use  characteristics  vice  functional 
use  coda  would  thus  be  sore  feasible.  Tha  degree  of  refine- 
nent  within  tha  groupings  would  be  a  natter  of  practicality. 
Subcategories  of  usa  by  construction  type  and/or  year  would 
be  specific  possibilities. 

Thus,  P-164  data  alona  is  insufficient  to  develop  accu¬ 
rate  araa  baselines  because  of  its  lack  of  tiaalinass  and 
lack  of  anargy  reporting  detail.  Tha  P-164  is  tha  aost 
con pi ate  and  widely  available  data  source  available  and  was 
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thus  used  for  purposes  of  this  study.  A  sors  rsfinod  data 
basa  would  bo  noodod  to  prowide  tho  accuracy  dosirod  in  an 
actual  application. 

B.  METHODOLOGY 

Tbo  gonoral  approach  takon  was  to  tost  whothor  aworago 
aonthly  oloctricity  uso  (HBTO)  could  bo  forocast  as  a  func¬ 
tion  of  tho  cosponont  ar was  for  typos  of  functional  usos  of 
total  floor  spaco.  Tho  doriwod  coofficionts  of  a  rogrossion 
nodol  usod  for  such  a  forocast  boiag  in  units  of  HBTU/SP, 
suggost  that  tho  coofficionts  will  bo  an  aworago,  or 
erpected  walue,  of  uso  for  tho  soloctod  catogorios. 
Zntorprotation  of  tho  coofficionts  as  standard  waluos  would 
thon  ha  wo  usoful  applications  where  tho  onorgy  uso  of 
particular  aroas  aro  boing  owaluatod. 

Tho  soloction  of  tho  catogorios  of  functional  uso  would 
bo  nado  rolatiwo  to  tho  inforaation  dosirod.  It  oust  bo 
rocognizod  that  tho  coofficionts  of  a  rogrossion  aodol  aro 
rolatiwo  to  tho  appliod  contort.  Tho  coofficionts  aay 

chango  as  wariablos,  i.o.,  catogorios  of  use,  aro  addod  or 
deleted,  or  input  data  is  changod.  Thus,  tho  waluo  of  a 
doriwod  coofflciont  will  dopond  on  tho  input  data  and  what 
othor  wariablos  aro  prosont.  Tho  iaplications  of  this 
recognition  linit  uso  to  a  particular  tino  frano,  to  a 
particular  actiwity,  or  to  a  particular  group  of  actiwitios, 
dependant  upon  tho  contort  of  application. 

Tho  aworago  aonthly  oloctricity  uso  in  FT  75  was 
soloctod  as  tho  dopondont  w aria bio  to  enablo  a  dotoraination 
of  standards  of  uso  in  tho  basolino  year.  This  aoant  uso  of 
only  12  data  points  for  the  total  saaplo  group.  Tho  conso- 
quonco  of  tho  snail  saaplo  sirs  was  that  tho  corrosponding 
12  dogroos  of  froodos  allowed  a  aarinun  of  only  ten  uso 
catogorios,  allowing  2  dogroos  of  froodon  for  statistical 
results. 


The  staple  was  accordingly  sorts!  into  tsn  sajor  energy 
use  categories  using  the  following  categories  and  criteria: 

1.  Biss  ion.  Hospital  space,  as  a  large  portion  of  the 
baseline  area,  voald  be  of  aajor  interest. 

2.  Labs.  Outpatient  clinics,  dental  clinics,  as  well  as 
designated  lab  areas  for  which  specialized  equipaent 
would  be  required.  Full  tise  occupancy  would  not  be 
expected. 

3.  Personnel  Living  Spaces.  Onaccoapanied  officer/en¬ 

listed  personnel  housing  (UOPH/0BPH),  regardless  of 
paygrade  of  occupants,  and  tenporary  living  facili¬ 
ties. 

а.  Haintenance/Industrial.  Shops  areas,  including 

vehicle  aaintenance  shops,  utilizing  a  higher  energy 
use  per  square  foot  by  virtue  of  aachinery  and 
installed  equip  sent. 

5.  Data  Processing  Centers. 

б.  Adainistrative.  Offices,  faaily  services  centers,  and 
other  areas  providing  spaces  for  perf  or  nance  of  aanag- 
erlal,  clerical  and  counseling  functions. 

7.  Coaaercial  Areas.  Areas  which  involve  coaaercial 
sales  and  support  such  as  the  various  functions  of  the 
levy  Exchanges  (bar ber/beauty  shops,  snack  bars, 
retail  stores)  which  would  entail  various  operating 
hours  and  aediua  energy  intensive  equipaent. 

0.  Borale  and  Helfare-Coaaunity  Services.  Areas  which 
would  have  relatively  few  hours  of  use  by  groups  of 
personnel,  such  as  chapels,  theaters,  and  child  care 
centers,  but  would  not  not  involve  unusual  equipaent 
support. 

9.  Borale  and  Half are-Be creation.  Bowling  alleys,  gyana- 
siuas,  and  hobby  centers  which  would  have  aore  regular 
hours  of  occupancy  and  would  require  soae  specialized 
equipaent  support. 


10.  Storage.  Areas  in  which  ainiaial  equipment  installa¬ 
tion,  lov  personnel  occupancy,  and  ainisus  heating/ 
cooling  standards  would  be  aaintained  continually. 
Subcategorization  to  reflect  differences  in  teapera- 
ture  standards  for  storage  of  eguipaent  Tice  medical 
supplies  would  be  suggested. 

The  results  of  the  'full*  10  variable  aodel  are  shown  in 
Table  3  These  results  indicated  that  the  standard  use  for  a 
hospital  space  was  only  .3003  BBTO/SF.  The  t-tests,  in 
fact,  showed  no  significance  in  any  of  the  individual  varia¬ 
bles.  It  was  concluded,  by  use  of  the  F  test,  that  all 
coefficients  were  insignificant.  The  very  high  R*  value  of 
•998  would  be  expected  froa  the  use  of  10  variables  and  only 
12  observations. 

A  stepwise  regression  was  then  atteapted.  It  was  deter¬ 
mined  that  a  three  variable  aodel  using  hospital  space, 
storage,  and  aaintenance/industrial  categories  would  provide 
significant  values  for  the  resultant  coefficients.  Test 
results  are  shown  in  Table  4  The  B*  value  was  still 
reasonable  at  .908. 

C.  RESULTS 

The  results  of  this  attempt  to  demonstrate  aodel  use  for 
this  saaple  were  inconclusive  overall.  The  full  aodel  was 
unable  to  provide  any  significant  coefficients.  The  'best* 
aodel,  i.e.,  one  which  provided  significant  coefficients, 
could  provide  values  for  only  three  coefficients.  These 
coefficients  would  only  be  relevant  in  the  presence  of  the 
other  two  variables.  That  is,  the  standard  use  for  the 
three  categories  could  not  be  concluded  to  be  the  values 
seen,  with  the  other  categories  assumed  to  be  zero.  One 
explanation  is  that  the  data  base  was  too  saall  to  support  a 
test  for  10  categories  of  use;  a  smaller  number  of  groupings 
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sight  field  better  results.  However,  it  vas  felt  that 
farther  generalization  of  the  groupings  would  have  seriously 
detracted  from  the  desired  results.  The  derived 
coefficients  would  have  been  sore  general  than  practical. 

Although  the  results  were  inconclusive,  there  is  reason 
to  believe  that  the  proposed  nethod  aerits  further  consider¬ 
ation.  The  results  suggest  that  coefficients  of  use  based 
on  energy  use  categories  could  be  developed  by  regression 
techniques.  The  apparent  linits  iaposed  by  the  size  of  the 
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Seduced  Three  Variable  Bodel 
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data  saaple  eight  iepose  certain  liaits.  Although  this 
study  was  liaited  to  particular  NBBCs,  in  an  expansion  of 
this  aethod,  coefficients  of  use  for  the  general  categories 
of  storage,  aaintenance,  coanercial,  etc.,  could  be  studied 
for  a  large  saaple. 

The  issue  of  accuracy  can  not  be  oxer looked.  The  data 
base  used  in  this  study  was  recognized  to  be  susceptible  to 
various  errors.  Befineaent  of  a  data  base  for  application 
to  a  large  saaple  would  be  challenging.  However,  it  aust 
also  be  considered  that  even  'ball  park*  values  night  be  of 
value.  'Standards  of  use',  with  only  ainiaal  accuracy, 
would  still  pernit  iapleaen tation  of  nodular  adjustaents  to 
baselines,  or  to  any  other  coaparison  years.  The  basis  of 
coaparisons  would  be  iaproved  to  at  least  sons  degree.  It 
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v.  ssaaflAsi  ssasiegsiQaa 


Energy  redaction  is  a  very  significant  and  necessary 
goal  in  today's  environment.  The  cost  of  energy  has  risen 

froe  a  relatively  insignificant  lavel  to  one  of  aajor 

consideration.  The  era  of  cheap  energy  has  resulted  in  a 
■ultitude  of  energy  inefficient  buildings  that  will  require 
varying  degrees  of  eodif ica tions. 

The  trend  of  rapidly  rising  costs  sill  keep  a  strong 
focus  on  econoaizing  energy  use.  The  Arab  oil  eabargo  of 
1973  not  only  touched  off  an  era  of  spiralling  energy  costs, 
but  brought  about  a  realization  of  the  serious  consequences 
of  our  strong  dependence  on  oil.  The  vulnerability  of 
national  security  and  the  economy  to  supply  and  price 

manipulations  were  clearly  demonstrated  by  the  actions  of 

the  OPEC  cartel. 

Government  policies  and  actions  along  with  the  normal 
market  forces  of  supply  and  demand  interactions  would  be 
expected  to  expand  domestic  oil  supplies.  These  initiatives 
have  also  forced  corporate  and  private  energy  users  to 
examine  the  large  amounts  of  energy  being  used,  and  wasted, 
as  well  as  to  search  for  alternate  energy  sources. 
Executive  Order  12003  was  issued  to  force  the  federal 
government- the  largest  single  energy  user-to  reduce  its 
energy  use.  It  established  the  federal  energy  goals  at  a 
20%  reduction  from  FT  75  to  FI  85,  and  a  35%  reduction  by  FI 
2000*  The  goals  appear  ominous  in  view  of  the  failure  to 
achieve  yearly  target  levels  though  FI  81.  k  greater  level 
of  capital  investment  will  be  needed  just  to  meet  the  2%  per 
year  expected  rate  of  redaction,  and  an  even  greater  rate  of 
investment  to  achieve  the  FI  85  overall  goal.  With  the 
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liaited  availability  of  capital  investaent  funds, 
effectiveness  of  investaent  bacoaaa  a  vital  issue.  Zt  la  an 
iaaua  which  requires  a  full  recognition  of  how  anargy  is 
baing  used,  identification  of  araas  of  graatast  reduction 
potential,  and  the  cost  aff activanass  of  lap las an tat ion 
act ions. 

This  thesis  questioned  the  ability  of  the  present 
Defense  Energy  Infora ation  Systas  (DEIS  II)  to  provide  the 
necessary  valid  coaparisons  of  energy  use  as  a  naans  of 
identifying  targets  of  reduction  potential  and  evaluating 
the  effectiveness  of  corrective  actions.  Distortions  caused 
by  noncontrollable  factors,  such  as  weather,  and  the 
particular  functional  uses  and  changes  in  use  of  buildings 
were  shown  to  ispair  the  ability  of  a  decisionmaker  to 
correctly  evaluate  reported  energy  uses.  Electricity  use  at 
12  Raval  Regional  Bedical  Centers  was  specifically  studied. 
Regression  and  tiae  series  aethodologies  were  denonstrated 
as  ae&ns  of  iaproving  the  effectiveness  of  evaluating  energy 
uses. 

Regression  sodels  were  shown  to  be  a  aeans  of  explaining 
a  systea  output  by  neans  of  particular  stinuli,  or 
predictor,  variables.  The  techniques  of  selecting 
variables,  evaluating  the  appropriateness  of  the  stinuli, 
and  interpreting  the  results  were  applied  to  weather  effects 
on  energy  use.  Weather  factors  of  average  tesperature, 
heating  degree  days,  cooling  degree  days,  and  precipitation 
(rainfall  equivalent)  were  specifically  studied.  While 
weather  would  not  be  a  good  sole  predictor  of  electricity 
use,  the  relative  significance  of  various  factors  could  be 
studied.  Knowing  the  effects  of  weather  on  electricity  use 
would  in  turn  allow  the  decisionaaker  to  assess  action  to 
ainiaize  such  effects.  Cooling  degree  days  was  seen  to  have 
a  strong  relative  iapact  on  energy  use.  Identifying  this 
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factor  and  the  relative  nagnitude  of  its  affacts  would 
suggast  cartain  actions  to  a  dacisionsakar.  Load  balancing, 
incraasad  insulation,  and/or  asa  rastrictions  sight  ba 
accordingly  evaluated  for  inplenentation.  l  cosparison  of  a 
siailar  ragrassion  nodal  aftar  isplaaantation  of  corrective 
action  woald  provide  a  fort  bar  naans  of  awalaation. 

In  an  axpandad  sodal,  waathar  variables  would  ba  only 
ona  typa  of  variable.  Sours  of  occupancy,  agas  of  tha 
buildings,  air  conditioning  capacity,  ate. ,  sight  ba  othar 
variables  of  intarast.  rha  rasults  of  tha  axpandad  sodal 
would  ba  banaficial  in  furthar  avaluation  of  systas 
interrelationships,  and  relative  significance  anong  selected 
variables. 

Tina  series  sodels  vara  shown  to  ba  a  less  technically 
oriented  nethod  of  forecasting.  This  type  of  sodal  uses 
historical  patterns  and  trends  in  forecasting  expected 
systas  outputs.  Plots  of  tha  four  previously  cited  waathar 
factors  ware  seen  to  have  variations  in  expected  levels.  Of 
particular  concern  was  tha  higher  average  tenperatures  and 
corresponding  decrease  in  heating  degree  days  experienced  at 
sost  of  tha  12  activities  during  tha  winter  sonths  of  tha 
baseline  year.  Under  tha  DBIS  II  systas,  tha  various 
affacts  of  differing  weather  conditions  are  also  being 
aeasured  in  tha  percentage  of  change  calculations.  leather 
would  ba  only  ona  of  several  possible  influences  that  could 
be  reflected  in  such  energy  use  coaparisons.  The  tiae 
series  sodal,  in  forecasting  expected  values,  provides  a 
sore  standardized  basis  of  cosparison. 

The  forecasts  of  expected  values  facilitate 
identification  of  variations.  Cosparison  of  a  current  use 
with  an  expected  value,  or  expected  value  adjusted  to  a 
reduction  target,  sight  show  a  large  variation  which  should 
be  investigated  proaptly  for  corrective  action.  The  present 
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systea,  with  its  potential  of  distortion,  would  only  show  a 
relative  changa  rath*r  than  a  variation  fros  *zp*ct*d  vain*. 
Th*  d*cisionaak*r  can  not  readily  assess  ths  iapact  of 
unusual  conditions  on  th*  obs*rv*d  chang*,  nor  assess 
whether  a  favorable  change  was  in  fact  favorable. 
Siailarly,  an  unfavorable  variation  night  not  be  identified 
for  a  period  of  tiae  due  to  particular  conditions  resulting 
in  a  lover  energy  use,  thereby  Biasing  an  opportunity  for 
reduction. 

Begression  was  further  applied  to  a  tine  series  aodel  to 
develop  a  linear  trend  of  use.  This  uethod  would  allow  an 
identification  of  a  long  tern  average  rate  of  change. 
Although  the  trend  of  use  between  PI  75  through  PI  82 
projections  was  developed,  the  nethod  is  applicable  over  any 
tine  period,  or  fros  any  reference  point. 

The  results  of  the  tiae  serias  forecasts  and  trend 
projections  for  FT  81  are  coapared  to  actual  reported  uses 
in  Table  5  Zt  can  be  seen  that  the  forecasted  uses  and 
actual  uses'  are  relatively  close.  The  forecasted  values, 
however,  have  been  shown  to  be  less  subject  to  distortion 
and  a  sore  reasonable  basis  of  couparison.  Coaparisons 
within  Table  5  give  a  sore  appreciable  picture  of  progress 
in  nesting  an  establisheU  target.  For  ezaaple,  IBHC  corpus 
Christi  reported  a  1.25  reduction  fros  PI  75  use.  Its 
expected  use  would  have  shown  a  0.6%  decrease.  Thus,  the 
activity  showed  a  favorable  variation  froa  expected  us*  of 
0.6%.  Coaparison  of  reported  results  with  a  1.0%  trend  of 
increase  shows  a  2.2%  favorable  variation  froa  the  long  tera 
trend  of  use.  A  siailar  coaparison  for  IBHC  Orlando  shows  a 
15%  unfavorable  variation  froa  expected  PI  81  use,  and 
alaost  no  difference  froa  the  trend  of  increase. 
Coaparisons  can  be  and*  at  th*  activity  level  or  at  a  higher 
echelon  of  coaaand.  The  total  group,  as  night  be  viewed  by 


its  aajor  claiaant,  showed  a  If  unfavorable  variation  froa 
•xpactad  use  but  a  O.Sf  favorable  variation  froa  trend. 
Since  these  coaparisons  are  less  influenced  by  unusual 
variations  of  operations,  weather,  etc.,  they  provide  a  aore 
standard  basis  of  coaparison. 

A  final  regression  aodel  was  atteapted  to  explain 
average  aonthly  electricity  use  by  the  functional  categories 
of  use  for  building  areas.  The  categories  of  functional  use 
were  established  by  identifying  particular  electricity  use 
characteristics.  The  coefficients  of  the  proposed  aodel,  in 
units  of  HBTO/KSF,  can  be  interpreted  as  a  standard  of  use 
for  its  corresponding  category  variable.  It  was  shown  that 
changes  in  a  building  use,  or  uses  of  areas  within  a 
building,  would  alter  the  noraal-  energy  use  per  square  foot, 
thus  distorting  further  coaparison  to  the  baseline  year.  By 
aeans  of  a  aodular  concept  of  the  baseline,  the  baseline 
could  be  adjusted  by  replaceaent  of  a  standard  use  of  the 
focaer  designation  with  a  standard  use  value  of  the  new 
designation.  The  results  of  a  ten  variable  (energy  cate- 
gory)  aodel  were  found  to  be  inconclusive  by  virtue  of  the 
insignificance  of  the  coefficients.  The  snail  size  of  the 
data  base  was  inadequate  to  support  the  developaent  of  the 
necessary  ten  significant  coefficients.  The  data  base  was 
capable  of  explaining  use  by  three  significant  predictors, 
however.  Concern  for  the  accuracy  of  the  data,  which  was 
based  on  often  outdated,  inaccurate  property  record  subais' 
sions,  was  expressed.  Purther  consideration  of  the  aodel 
and  aodular  baseline  concept  was  felt  to  be  justifiable, 
however,  on  the  basis  that  even  a  saall  iaproveaent  of  the 
present  systea  by  use  of  *ball  park'  estiaates  would  be 
useful. 

The  proposed  aethods  of  energy  use  aodels  all  have 
applications,  either  individually  or  in  coabination,  in 
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da? sloping  an  anargy  osa  control  systaa.  In  genaral,  thara 
is  no  raal  control  systaa  within  DBIS  II.  Targats  ara 
astablishad  by  and-usa  rastrictions  basad  on  on  FT  75  usa. 
Basalina  osa,  suscaptibla  to  tha  various  influancas  of  tha 
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conditions  at  that  tins,  a ay  not  ba  a  valid  coaparison  for 
nsas  without  thosa  siailar  influences.  Variation ,  if  iden¬ 
tified,  nay  actually  not  be  variation  at  all;  if 
unidentified,  the  causes  of  unfavorable  variation  aay  90 
uncorrected  for  undesirable  lengths  of  tiae. 

Regression  aodels  using  explanatory  variables  such  as 
connected  load  factors  and  weather  would  be  used  to  forecast 
expected  use.  A  coaparison  of  expected  use  with  target  use 
would  indicate  a  degree  of  desired  change.  Analysis  of  the 
coefficients  of  the  aodel  would  suggest  opportunities  for 
achieving  desired  reductions,  coaparison  of  actual  use  with 
forecasted  expected  use  would  identify  variation  that  should 
be  investigated  for  corrective  action. 

Tiae  series  aodels  would  be  of  siailar  use  in  a  control 
systea.  Targets  could  be  developed  for  expected  use.  A 
coaparison  of  actual  use  with  target  use  would  also  identify 
variation  for  possible  investigation.  A  particular  advan¬ 
tage  of  the  tiae  series  aodel  is  its  ability  to  forecast  use 
over  a  period  of  tiae.  An  iaposed  plot  of  actual  use 
provides  an  easy,  visual  aeans  of  display.  In  contrast, 
regression  aodels  dependent  on  observed  inputs  such  as 
weather  would  be  less  convenient.  Expected  values  would 
require  individual  calculation  before  a  plot  coaparison  with 
actual  use  could  be  Bade.  The  application  of  regression 
techniques  to  a  tiae  series  aodel  to  develop  a  trend  of  use 
provides  a  further  aeans  of  useful  coaparison. 

Application  of  reduction  targets  to  the  forecasts  of  use 
would  be  a  aeans  of  establishing  control  targets.  In  Table 
5,  for  exaaple,  a  control  target  of  a  5 A  reduction  in 
expected  FT  81  electricity  use  night  have  been  established. 
Variation  froa  that  level  could  be  used  in  identification  of 
possible  investigation.  Siailar  application  of  targets  to 
trend  of  use  forecasts  could  be  aade. 
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k  regression  so del  based  on  categories  of  use  provides 
at  least  a  potential  for  a  control  system.  Comparison  of 
actual  use  per  square  foot  with  a  standard  of  use  would  be 
useful  in  identifying  the  energy  efficiency  of  a  building. 
This  method,  however,  would  require  a  great  deal  of  effort 
to  isplesent.  Heasuresent  of  actual  use  in  itself  is  a 
current  problea  with  the  necessity  for  subaetering.  Meters 
to  provide  such  aeasureaent  are  not  in  general  use,  at  least 
not  yet,  within  the  shore  establishaant.  However,  the  cost 
effectiveness  of  such  aeter  uses  has  increased  rapidly  and 
should  be  in  greater  use  in  the  near  future. 

The  refineaent  of  data  necessary  to  develop  accurate 
standards  of  use  would  be  a  further  obstacle  to 
implementation  of  this  type  of  aodel.  The  use  of  'ball 
park*  estiaates  could  be  of  liaited  application  in  aodular 
adjustments  to  the  baseline.  It  is  not  known  whether 
engineering  estiaates  could  provide  aore  accurate  or  aore 
cost  effective  standards. 

The  choice  of  models  would  depend  upon  the  decisionaak- 
er's  needs  and  capabilities.  Begression  aodels  of  technical 
factors  would  appear  to  be  of  greatest  benefit  to  engi¬ 
neering  staffs  such  as  the  HA?F1C  Engineering  Field 

Divisions.  Such  models  would  provide  the  technical  informa¬ 
tion  needed  to  evaluate  the  value  of  particular  projects. 
Their  technical  review  function  for  ECIP  and  ETAP  projects 
could  be  facilitated  by  such  aodels.  Their  access  to  a 
broad  range  of  data  would  be  beneficial  to  developaent  of 
the  aodels.  The  variety  of  technical  expertise  readily 
available  would  also  be  significant  in  developing  and 
applying  such  aodels. 

Tiae  series  aodels  would  appear  to  represent  the 

greatest  general  value  to  an  activity  or  upper  echelon 

coaaand  for  forecasting  anergy  use  for  budget  purposes  as 


well  as  for  control  systems.  Models  could  bs  developed  for, 
or  by,  bases  dapaading  on  the  avails bility  of  coaputers  and 
appropriate  software. 

It  is  highly  recoaaended  that  the  isplesentation  of 
energy  use  models  be  pursued  within  the  energy  nanageaent 
program  of  the  laval  Shore  establishnent.  Energy  use  ■ ode Is 
have  been  shown  to  be  valuable  tools  in  the  aeasureaent  and 
evaluation  phases  of  DEIS  IX. 
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5iSli**ST1BISi or  IHiSIl* 


SHA  24 


sr.  DE?. 

IrMfi 

0.0253 
0.1223 
.1168 
4' 


|-RATIO 


V  a 

8: 


6;2)li 


--94 
-1.07 
52.82 
-5.08 
2.31 
-1.95 
0.28 


DIFFIHBfCIWG.  1  BEGDLAB  _  „ 
RESIDUALS.  SS  *  84  5.205 

DF  *  76  BS  *  11.121 

10.  OF  OBS.  ORIGINAL  SEB  IBS  84 


(BACKFOBECASTS  EXCL) 
AFTEB  DXFP.  83 


FOBBCASTS  PBOH  PERIOD  84 


BXOD 


91 

92 


95  PEBCBIZ  LI HITS 
UPPE1 


LOWER 

15.9640 


u 


19. 

21. 

22. 

19.0189 

a  aw 

Mill 


1! 

14.1 
13.4581 
13.4190 
11  .475  5 
13.4487 
14.7564 
11.0447 
16.7080 
12.3492 
15.2932 
13.9433 


_  .2518 
30.6447 
26.9931 
32.7036 
28.3850 
31.3652 
30.0493 


ACF  OF  BESIDOAL 


RBHC  JACXSOIf ILLB 


B.  PITT II G  A  TBBBD  LIMB 

BEGBESSIOH  OP  BOOBLED  HBTO/KSP  IS  SOBTH 
^5cSHIsc8lf  Jibed  HISSIIS  VALDES 

T| B^  BB| g B SI jjB 0|g J  A| ^OB  POB  HBHC  JAOKSOBVILLE  IS: 


COLOHB 


S.J1 


C0BSSOT 

BOITH 


ST.  DEV. 

°s.s?w- 

-0.05556 


T- RATIO 
COEP/S.D. 
45.51 


0.01019 


ST. 

H  ( 


DEV.  OP  T  ABOUT  REGRESSIO I  LIKE 
95-  2)  *  93  DEGBEES  OP  PBEEDOB 


S*2.  722 


B-SQUABED  »  24.2  PEBCBHT 


ums  opDiAaiA,cB 


BEGBESSIOV 

BESID0AL 

TOTAL 

I  lo. 

345 

44 

68 


220.544 

689.306 

909.850 


ABIE  A  LI 

18:11 


nan 


nM 

24.  138 
23.583 
22. 249 


BS*  SS/DP 
220. 544 
7.412 

mil 

0.318 

0.284 

0.340 


3:Wi- 

2.00R 

2.28B 

-2.05B 


B  OEBOTES  AB  OBS.  WITH  A  LABGB  ST.  BBS. 

X  OEBOTES  AB  OBS.  WHOSE  X  VALUE  GIBES  IT  LABGB  IBPLOEBCE. 


DO  BB  IB- WAT  SOB  STATISTIC 


0.80 
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ACTUAL 

—  —  TIME  SERIES  MOO EL 
-  TAEMO 

*-*-•  95*  CONFIDENCE  LIMITS 


ELECTRICITY  USE 
LONG  BEACH 


c.  BB6BESSX0V  OP  HBTO/KSP  VS  HEATHER  VARIABLES 
HOTBsCDD  HIGHLY  COBB SLATED  BITH  OTHER  PREDICTOR  V ABXABL2S 

Mi  2“1?f f SJ •V9°« x?8 . 5?f 9 So l*li H-J?i o o  » 

SPcBB:  &H3E>(: 

SM  |:lf 

0.0^199  0.21 

0.07224  -Q.01 

0.2174  -1 .84 


COLOHH 
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XI 
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CDD 
PBECXP 
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0,*77 

-8$8!f 

•0.40  01 


722i 

14  PBECXP  >0.40  01  0.217 

,?V  H'HoiliFSFSSBfcBS IS!  s 

R- SQUAB  ZD  -  30.7  PER CEB T 
AH  A|  ISIS  OF  V4BXABCE 
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HITS  ( 


3.558 


DUE  TO  DP 

BE6RESSX0I  ,4 

RESIDUAL  79 

TOTAL  83 
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1001 

144: 


;o2 

,03 


HS1?I^I 


SSHlBLAIHtiT|fSBACHVvIilASJE  EBTEBED  IB  THE  ORDER  GIVEH 


DUB  TO 
REGBESSIOM 
AT 6  TEHP 
HDD 
CDD 
PBECIP 


10 
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51 
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38  It  9 1 

42.89 


B  ••>  OBS. 
Z  »«>  OBS. 


32 1 81 2 

il:Wo 


'•ISiii 

I8.t.g 


I* 


3  0.646 


646 

742 


mu 

31.565 

30.640 

36.545 


IliBF'r 

0.634 

m 

1.554 

m 

1.238 

1.812 

0.690 


HXTH  A  LARGE  ST.  RES. 

HHOSB  X  VALUE  GIVES  IT  LARGE  IEPLUEHCE. 


ST. RES. 
3.04R 

8:.8?8x 

:1:B  i1 

-8:11  l 
-8:1?  i 

-2.24R 


DURBU-fATSOI  STATISTIC  *  0.93 


CORRELATION  OP  V ABIABLES******* 
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CDD 
PBECXP 


HB 


11 


AVG  TEHP 
-0.927 
-8:111 


HDD 


CDD 


“8:18* 


7  -0.410 
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D.  DEYELOPIIG  A  TIBS  SERIES  HO  DEL 


ACT  OF  HBSO/KSP 


ERIC  LOIS  BEACH 


-0.8  - 
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0.1*5 
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8 

9 


18 
18 

SAB  12 
Hi  1 
Hi  i 
Hi  J 

SHI  12 

COIST1IT 

HEiB 


T-H 


2.3028 

0.0450 

«:!»! 

7.3329 

0.1500 

0.06857 

16.91 


JBS^OllS.  S|  : 
ACF  OF  RESIDUAL 


*0  6.858 
75  HS  * 


(BAgKFggECASTS  EXCL) 


425 


:8 


-0.8  -0.6  • 

.064 

.047 

Mil 

mi 
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3 


0.129 

-121 

■ill 

0.095 

0.146 

0.119 

0.043 

8:81* 

0.042 

0.104 
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0.013 

0.065 

8:? 19 
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IK  ZB  A  (2  1  3)  (1  0  1)  S*12 


HlfHIfi”8*  37 ..65 9 

DP  ■  76  as  * 

10.  OP  OBS.  0BX6ZIIL  SKI  IBS 


(BICK|||ECISTS  BZCL) 

8»  * 1PTER  dipp.  a: 


ICP  OP  BBSXDOIL 


■BBC  LOIS  BBICB 


S.  PXTTZI9  A  T1SV0  LIVE 

bsgbbssxob  or  bodblsd  bbto/ksp  ts  bobth 

9?  smi  s«ix.B  D  HISS  116  f ALOES 
THE  BB|BBS||0|  f j® J| Jgfxf 0 R  ,HBC  LOiG  BEJLCH  ZS: 


CO  LUBE 
BOETH 


"m 


T-BATIO  * 


ai,^*  w-ps  i?0s1q11sesii?!sed” 


IOB  LIHE  IS:  S  *  3.821 


B-SQQABBD 


7.6  PEBCBBT 


W?SS  0F  »IIABCE 

nt®mow  9 i 

TOTAL  94 


1469.51 


HS«SS/^P 

1  iJlIS 


!#’ 

66.0 


Mllll 

27.418 


94  94.0  41.783  33.971  0.753 
96  96.0  42.387  33.892  0.778 
B  ">  OBS.  BITS  A  LAB6B  SI.  BBS. 

X  — >  OBS.  WSOSE  X  7 ALOE  SITES  IT  LABGB  IBFLOBBCE. 


PBBD.  T 

37.  Ill” 

37.214 
35.070 
3  3.971 
3  3.892 


!:h 

0.461 

8:?fi 


i?a?Bs* 

2.48B 

-2.02B 

1:91 


DOBBIB-BATSOB  STATISTIC  *  0.48 
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T I IE  SERIES  MODEL 


FISCAL  YEAR 


■n*t  *00*L 

theho 

coHfice*ce  ti«ns 


MONTHLY  TOTAL  ELECTRIC 1TY  USE 
NRMC  MEMPHIS 


HCNTHIV  AVERAGE  TEMPERATURES 
NKMC  MEMPHIS 


PCKTHLV  II?  AT  IKC  tECPEE  OAVS 
MV  MC  MEMPHIS 


1 


C.  RZGBESSXOH  OF  HBTO/KSF 


f EITHER  VARIABLES 


M8IllsiA?s?Fco8£ii!lFDE6l2Eioffl?M5I!?SK!??firiSSTI!l6 

HOTE:  CDO  HIGHLY  COB  BEL  ATE  D  HXTH  OTHER  PBEDICTOB  YABIABLES 
?H2  HBG!!S|IO!J9!|JTH..50go||!H?2H2!P8J37I|S  ^Q2()1  xu 

COL  OHS  COBFFICIEBT  Si-c8i?: 

T1  AVG  TEHP  offoll  0?8§Ib  0l?8 

0.02939 
0.02912 
0.1827 


COLUHB 

AVG  T2HP 

HDD 

CDD 

PBBCIP 


COEFFICIENT 

0?S>§2 

-0.000  67 
0.  009  66 
0.0201 


-0.02 

0.33 

0.11 


THE  ST. 
HZTH  ( 


2Y.  OF  Y 
4-  5)  » 


ABOUT  BEGRESSXOH  LIRE  IS: 
79  DEGBBES  OF  FBEBDOH 


4.260 


B- SQUARED  *  39.4  PEBCEBT 

AHALYSIS  OF  YABIAICE  m 

DUE  TO  DF  SS  HS*SS/D1 

REGRESSION  4  ^930.7  3  2|2;«< 

totaloal  21  &32:§§ 

§aiif!AIA8ISISBpB0A5HTiYRAi!SCB?B  BHTERED 

DUE  TO  DF  SS 

BEGBESSIOH  4  930.7  3 

AYG  TEHP  1  867.3  7 

HDD  1  61.3  1 

CDD  1  1.8  3 

PBBCIP  1  0.2  2 
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128:  1 
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1.83 

0.2  2 


XI 
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51  44.0 

11  l8°:I 

R  DE  BOTES  AH  OBS. 
X  DEBOTES  AB  OBS. 
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km 
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PR ED.  Y 
VALUE 
30.591 
32.276 
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24.426 

?5.iS4 

ill  IVl 


ST. DEV. 
PBED.Y 

2: 8  89 
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2.212 
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2.042 


ST. RES. 
-2.68R 
-2.12B 
-0.81  X 
-0.67  X 
2.31R 
0.05  X 
0.19  X 
0.42  X 
0.17  X 
-0.38  X 


WITH  A  LARGE  ST.  BBS.  _ 

WHOSE  X  VALUE  GIYES  IT  LARGE  IHFLUEHCE. 


DURBXH-WATSOH  STATISTIC  *  0.86 


*******  CORBELATIi 
HBTO/KSF  AYG  TEH! 
AVG  TEHP  0.606  „ 

HDD  -0.521  -0-947 

COD  0.898 

PBBCIP  -0.099  -0.127 


PimiiF  0F  Si*IABLE8SS' 


-0.710 
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ABXHA  (2  1  3)  (1  1  1)  S*12 

HIIS»SSIll,lf5i  or  IiliS|irs 

1  AH  1  Q-  37 1  9 

2  U  2  0.024  9 

3  SAB  12  -0.214  4 


I  SAB  1 2 

5  HA  2 

6  HA  3 

7  SHA  12 


t  I 

0.  750  5 


SI.  OBJ.  T- RATIO 

0.3447  1.08 

0.3885  0.06 

0.1653  -1.30 

0.3279  3.  27 

0.5013  -1.06 

0.2531  1.23 

0.1562  4.80 


aFFBBEICIHG.  1  BEGOLAB  1  SEASONAL  DIFF.  OF  OBOEB 
SI  DUALS.  SS  *  76  6.232  (BACK  FOB  ECASTS  EXCL) 

11*84  DF*  64  BS*  11.972 


FOBECASTS  FBOH  PE BIO D 


PEBIOD 

85 

86 

87 

88 

89 

90 


FO  BBC  A  ST 

nm 

11:  ins 

itm 

1km 


95  PEBCBKT  LIMITS 
LOVER  OPPEB 


^2.6  246 

ikim 

20.4203 
22.9441 
23.4  778 
25.3873 
24.8658 
26.8587 
28.4852 
25.6662 


rullll 

38.0177 

40.9242 

41.7951 

44.0205 

U:m 

48.0107 

45.4781 


ACF  OF  BJS|DOJL6  ^0H?C0HjHPj^  ^  Q 
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E.  FITTIIG  A  TH BHD  LX  IE 
BEGBESSXOI  OP  BODE  LED  BBTO/KSF  fS  BOHTR 


I" 


11  CIS II  !8  Razeed  BXSSXIG  VALOES 
B  BEGj|SJIOIoB^g|Tiyi  FOB  IBBC  B  EBP  HIS  IS: 


COLOHI  COEFFICIENT 
XI  HOITH  0.l6l  S3 

HIh8?  81-*  2?p«t  M °8IgI! Sl^$z?l>lii5l  ISs 

B-SQOABED  *30.5  PEBCSIT 


IJjS  OF  BIBICE 


_  JESSIOI 
BE SI DEAL 
TOTAL 


BOI 

34 


"SlKW 

13.79 


Si 


DEV. 
D.  T 

8:hj 

0.425 


S  *  3.713 


ST. BES 

1:115 

•2.33B 


X  -->81!:  fill E4XL W 8e SIi VIIs it  LABGE  XIFLOEICB. 
DOBBII-IATSOI  STATISTIC  «  0.46 


VOVO* 


MONTHLY  TOTAL  ELECT«ICITV  USE 


17.5 


C.  REGRESSION  OP  HBTU/KSF  7S  NEITHER  7&RI&BLES 


HEATING 


REGRESSION  OP  HBTU/SP  7S  A7ERAGE  TEMPERATURE.  HEA 
DEGREE  DAIS,  COOLING  DEGREE  DAIS,  AND  PRECIPITATION 


THE  REG 


XI 

X2 

X3 

X4 


COLUMN 

17 G  TEMP 

HDD 

CDD 

PRECIP 


COEFP 


TEH!* 


0.07373 
-0.002707 
-0.015  34 
-3.35  49 


H-c8B: 

5.  146 
3.07817 
0.003189 
3.01480 
0. 1239 


Mm°. 


,  _  D. 
3.04 
0.90 
-0.85 
-1.10 
-0.52 


THE  ST.  DE7.  OP  I  ABOUT  REGRESSION  LINE  IS:  S 
-  -  ,  79  DEi 


WITH  (  84-  5) 


DEGREES  OP  FREEDOM 


*  1.883 


R- SQUIRED  »  14.0  PERCENT 


ANALISIS  OP 
DUE  TO 
REGRESSION 
RE  SI DUAL 
TOTAL 


7ARIANCE 

DP 

4 

79 

83 


.sil 

nun 


45 


as*ss^p 


i 


3.  547 


FURTHER  ANALISIS  OP  PARIAN CE 
SS  EXPLAINED  BI  EACH  7ARIABLE  ENTERED 


0  UE  TO  DP 

REGRESSION  4 

A7G  TEHP  1 

HDD  1 

CDD  1 

PRECIP  1 


IN  THE  ORDER  GI7EN 


IT 

40 

51 

If 

76 

77 

78 

79 

80 
81 


XI 

A7G  TEHP 

61.4 

63.2 

52.5 
46.0 

67.3 
>4.4 


45.539 
38.14  7 
2.538 
4.35  1 
0.973 

I 

HBTU/KSF 

15.127 

17.941 

18.081 

16.808 


min 


61.5 

24.057 

62.2 

18.853 

65.5 

18.543 

64.  5 

19.350 

68.0 

18.952 

6  8.  1 

20.294 

68.  1 

16.816 

PR  ED.  I 
7  ALOE 
19.375 
18.331 
17.772 
17.307 
18.955 
18.214 
19.608 
18.534 
19.342 
19.027 
19.429 
19.992 
19.344 


ST.DE7. 
PRED.  I 
0.282 
1.032 
0.844 
0.660 

8:?!? 

8: 83 
0.802 
0.877 
0.925 
0.756 
0.652 


ST. RES. 

0.18 
*0.28 
1.44 
1.95 
2.41R 
0.20  X 
-0.47 
0.19 

•8:1? 

-1.43 


R 

X 


»>  OBS.  WITH  A  LARGE  ST 
>>  OBS.  WHOSE  X  7ALUE  3 


DURB IN-WATSON  STATISTIC 


.  RES. 

17 ES  IT  LARGE  INFLUENCE. 
1.35 


*******  CORRELATION  OP  7  ARIABLES******* 
MBTU/KSF  A7G  TEHP  HDD  CDD 

A7G  TEHP  0.342 
HDD  -0.345  -0.892  a 

CDD  5.136  0.605  -0.620  , 

-0.232  -0.493  0.567  -3.393 


PRECIP 
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178 


PACP  OP  SBTU/KSP 
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1 

0.415 
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6 
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37 

0.035 

IX 

38 

-0.002 

1 

39 

-0.011 

1 

40 

-0.031 

11 
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ARINA  (3  1  2)  (0  1  3)  S«12 


t* 


OF 


mr 

--3:13?! 

0.  829  6 
0.072  3 
-0.115 1 


>1.  DEV. 
0.1096 
0.1596 
0.1089 
0.3774 
0.3634 
0.1412 
0.1834 
0.2189 


T-RATIO 

-19.26 

-12.30 

-6.76 

-19.56 

-14.84 

5.88 

0.39 

-0.53 


DIFFERENCING.  1 
RESIDUALS.  SS  * 

DF  «  63  BS  * 

HO.  OF  OBS.  ORIGINAL  SERIES 


REGULAR  1  SEASONAL  DIFF.  OF  ORDER  12 
20  7.324  (BI£KF|RECASTS  EZCL) 

84  ‘AFTER  DIFF.  71 


ACF  OF  RESIDUAL 


NRBC  OAKLAND 
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-0.061 

0.089 

-0.288 
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i-m 
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0.019 

-i-All 
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0.14. 
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-0.04' 
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-0.136 
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ABIHA  (3  1  4)  (0  1  2)  S«12 

MfeEStl8iiil or  IHMIir* 


»P1 

AB  2 
IB  3 
HA  1 
HA  2 
HA  3 
HA  4 
SHA  12 
SHA  24 


'MS 

-0.072  2 

8: it 1 1 

ol 6^1  3 
-0.248  2 
0.  822  3 
-0.038  8 


s5:2m- 

0.3194 

0.2907 

8:1811 

0.1070 

0.3351 

0.1512 

0.1672 


T-^5S 

-0.23 
1.  96 

?:  if 

-0l?4 

5.44 

-0.23 


DIFFERENCING.  1  BEGOLAB  1  SEASONAL  DIFF.  OF  OBDEB  12 
RESIDUALS.  SS  «  17  0.573  (BACKFOBECASIS  EXCL) 

DF  *  62  SS  »  2.751 

NO.  OF  OBS.  ORIGINAL  SERIES  84  AFTEB  DIFF.  71 


ACF  OF  RESIDUAL 


NRHC  OAKLAND 


1.001 

1.006 

1.059 

>.042 


.168 

.018 

if! 

.076 

.068 

.040 

1006 

.001 

.050 

.069 

.038 

.101 

.006 

I0S2 
.0  42 

.106 

.044 

.052 

.078 

.068 

.149 

: 1? 

lot  2 
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XX 

X 

X 

XX 

XX 

X 

X 
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X 

XX 
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XX 
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X 
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X 

XX 
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XX 
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X 

XXX 

XX 

XX 

X 

XXX xxxxx 
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XX 
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ARXHA  (3  1  3)  (0  1  2)  S*12 


SSSifa, 


estiha: 

T! 


AR  1 
AH  2 
AH  3 
HA  1 
HA  2 
HA  3 
SHA  12 
SHA  24 


0.310  3 
-0.  21 1  5 
0.  068$ 

llli 


0.2136 

0.1619 

0.1188 

2: Jo!? 

0.1422 

0.1634 


T-5|fii 

-2.70 

1.92 

-1.78 

0.59 

8.28 

6.31 

-0.59 


aPPBRENCIHG.  1  HEGULAH  1  SEASONAL  DXPF.  OP  ORDER  12 
SXDOALS.  SS  *  17  3.809  (BACKPORECASTS  BXCL) 

DP  *  63  SS  *  2.759 

HO.  OP  OBS.  ORXGIH AL  SERIES  84  APTER  DIPP.  71 


PORECASTS  PR  OH  PERIOD  84 


PER|OD 


PO RECAST 
20.9411 
20.0963 


>0  20.0712 
M  19.9775 
>2  19.1778 
>3  20. 2596 
>4  21.0886 
>5  21.7286 
>6  20.6440 

A CP  OP  BESXDOAL 


95  PERCENT  LIHITS 
LONER  OPPER 

17.6850  24.1973 

16.7006  23.4919 

15.3619  22.4211 

15.7623  22.8902 

14.4287  21.5692 

16.4250  23.7174 

16.3211  23. 6339 

15.5083  22.8473 

16.5222  23.9969 

17.3470  24.8302 

17.9606  25.4965 

16.8237  24.4644 

HRHC  OAKLAND 


1:81$ 
1.05 1 

m 

>•003 
)  -  0  3  1 
1.181 
1.055 

>•014 

>.017 

1:88? 

1.165 

>.041 

>.048 

>.136 

1:811 

>.101 

|:W 

>.043 

>.053 


1.014 
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TINE  SEMES  MODEL 


MONTHLY  HEATING  CEGREE  DAYS 
NUNC  OVLANOO 


NCMHLY  AVERAGE  TEMPERATURES 
NRMC  ORLANDO 


C.  REGRESSION  OF  HBTU/KSF  TS  HEATS  SB  TARIA3LES 


REGRESSION  OF  HBTU/SF  VS  ATERAGE  rBHPEBATURB.  HEATIHG 
DEGREE  DATS,  COOLING  DEGBBB  DATS  AID  PRECIPITATION 

H3TE:CDD  HIGHLT  COBB  ELATED  HITS  OTHER  PBEDICTOB  TABIABLES 

I?E.“^?3i8!6?80FI?J.5??o,!3c.8?iM?0iFio.3o9,  » 


COL  SB  H 

AVG  TBBP 

HDD 

CDD 

PBBCZP 


COEFFIOI  EHT 
-2«4 .1 
0.6^9 
0.02503 
0.001  13 
-0.00  99 


ST.  DET. 
OP  COEF. 

1?W 

S-Slil? 

0.3055 


T-BATIO 
COEF/S. 1 


0.24 

0.26 

0.01 

-0.03 


THE  ST.  DET.  OF  T  ABOUT  E 
HITH  (  84-  5)  *  79  DEGE 

B- SQUARED  »  33.5  PERCERT 


ABOUT  REGRESSIOH  LIRE  IS:  S 
79  DEGREES  OF  FREEDOB 


6.504 


ARALTSIS  OF  TABIARCE 
DUB  TO  DF 


BEGRESSIOR 

RESIDUAL 

TOTAL 


1684.85 
3341.6  5 
5026.5  0 


HS*SS/DF 

421.21 

42.30 


FURTHER  ARALTSIS  OF  TABIARCE 

SS  EXP  LAI  BSD  BT  EACH  TARIABLE  ENTERED  IR  ORDER  GITER 


DUE  TO 
BEGRESSIOR 
ATG  TEHP 
HDD 
CDD 
PRECIP 


HO  NTH 
28 
41 
46 

73 

74 
76 

78 

79 
81 
83 

R  **> 
X  **> 


XI 

ATG  TEHP 

50.6 

55.8 

83.6 
75.4 
67.  1 
51.3 
64.0 

73.1 

83.2 

82.9 


16b<*.il 

1556.88 

127oJ? 

0.0  4 


HBTU/KSF 

18.552 

19.533 

33.156 

40.873 

43.500 


30.585 

36.934 

44.377 

39.670 

48.698 


OBS.  HITH  A  LARGE  ST 


PRED.  T 
TALUE 
21.258 
20.125 
33.181 

5J:S» 

21.148 

21.306 

25-854 

32.906 

32.778 

RES. 


ST. DET. 
PRED.  T 
3.400 
2.869 
2.909 

3.244 

1.317 

1.369 

2.279 

1.386 


ST. RES. 
-0.49  X 
-0.10  X 
-0.00  X 
2.1QR 
3.23R 
1.67  X 
2.45R 
2 .91 R 
1.11  X 
2.51R 


OBS.  HHOSE  X  TALUE  SITES  IT  LARGE  INFLUENCE. 


DURBIH-RATSON  STATISTIC 


0.65 


HBTU/KSF  ATG  TEHP 
ATG  TEHP  9-557 

HDD  -0.407  -0.871 

CDD  0.578  0.971 

PBECIP  0.362  0.559 


CORRELATION  OF  TABIABLES******* 


-0.730 

-0.323 


0.518 
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1 

2 

3 

4 

5 

6 


P1CF  OF  HBTO/KSF 

-0.8  -0.6  -0.4 

♦-  ------  ~f  — 

0.785 
-0.028 
-0.174 


-0.151 

-0.017 

-0.128 


HRHC  OHLiSDO 
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ABXfl i  (1  1  3)  (1  0  1)  S-12 


SS5Sfei“s*ia!?fi 

1  AR  1 

i  •H’f 

I  K  I 

I  SHA  12 


XEG. 


10.  OF  OBS. 


1  REGULAR 

SS  •  ,,  1361.37  (BICKFORECASTS  BXCL) 

DF  •  77  US  «  17.68 

OR IG ZEAL  SERIES  8*  AFTER  DIFF.  8: 


ACF  OF  RESIDUAL 


ERHC  ORLAIDO 


1BXHA  (1  1  3)  (1  1  1)  5*12 


HA 

HA 


S»  •* 


1 


IBS 


li 


T-H 


!« 


=e» 


12 
m 


anHHSP8* 

10.  OP  OBS. 


1 

ss 

DP 


BBGOLAB 


65 


i2'Ui“?n^gi£iS!g'y; 


OB I 811 AL  SBBXBS  84 


A  FT  EH  DIFF.  71 


A CP  OP  BBSXDOAL 


MBHC  OBLAIDO 


iRIHl  (1  1  «)(1  0  1)  S*12 

0?  I 


SSmfl5“B-  53*SS0““  13  37.9, 

or  *  76  as  » 

10.  OF  CBS.  ORI  SIBIL  SERIES 


(BECK FORECISTS  BICL) 
84  AFTER  DIFF.  83 


FORECISTS  FROB  PERIOD  84 


95  PBRCB8T  LIMITS 
iBt  opr 


ERIC  ORL1RDO 


i.  rmns  a  ihid  lz«s 

BBOBBSSIOV  OF  HOBBLED  HBI U/KSF  VS  BOBTH 

9i  mn  sii  ms*  HISSZV6  VAIOBS 

I 

TH|  pS||S|ZO«0B^|S|fB  FOB  VBBC  OBLASOO  IS: 

COLBflV  COBF^C^ BIT  8! *  coff I 
XI  HOBTH  0l20i83  o!  02080 


b?hsi-  8H-2?v  mumiwjm iss  s 

B-SQ0ABBD  «  52.0  FBBCBBT 


ISIS  OF  VABIAVCB 


i  P 


0.  ACT  OIL  OSS  ASS  FOtlCASf  80 DSLS 


tltftf'tlQVItlM  MOM 
S9«UV«34MJ1  M*«A*  AINiUM 


0.  DEVELOPIHG  A  TIME  SERIES  SO  DEL 


iCF  Of  HBT0/KSP 


HR BC  PHILADELPHIA 


1 

1 

| 

7 
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9 
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11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
1 


1.698 
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xzxzx 

zxzzzz 

_ >57 

0.721 
0.554 
42 
65 
,.314 
0.416 
0.467 
0.445 
0.353 
.149 
.153 
.461 

1 


8:1 


8:111 

8:1?! 

0.164 

0.124 

S:iU 

0.470 
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.035 
.146 

0l28? 
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0.216 
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PACF  OF  HBTO/KSF 
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1 01 


ARIHA 


wwr 

si  i  -hm 


CONSTANT  2.4 


-0.7401 
Q. 845  1 

-8:1818 


HEIN 

RESIDUALS.  SS  * 

H  *  84  DP  * 

AC?  OF  RESIDUAL 


ST.  DEV. 
0.1149 
0.1156 
0.1512 

hm 

°6?3I§1 


T-RAPIO 

11:38 

-:S$ 

1.40 

196.71 


16:^21 8  wo:o§45 

20  4.196  (BACKFORECASTS  EZCL) 
78  HS  *  2.618 


NR HC  PHILADELPHIA 


-0.8  -0.6 


d:H| 


-0.103 

0.238 

m 

-0.006 

-0.162 

8:311 

-Q.111 

:S:1H 

0.045 

8:831 

-0,059 

-0.151 

-8:331 

8:i|i 
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0.017 
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ES  07 
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HESipALS- 


iifisin18 
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Iptl 

-8:1388 

2.2380  0 
10.699  8 

„  156.302 
77  BS  * 


w 

0.1611 

5.1544 

8:1851 

0.01803 

0.0862 

<B‘sr?3? 
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-1.46 
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124. 10 


ECASrS  EXCL) 


ACE  07  SESIDOAL 


MSEC  PHILADELPHIA 
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5S8lfc,SIM}Bi 


U  1 
SAB  12 
HA  1 
HA  i 
SSA  12 


mi 


1:2851- 

1.1629 

>.2202 

1.1241 

1.1297 


i:fl 

-1:18 


@5f56ffi?>< 

HO.  OP  OBS. 


8sE580lli  73 . S5I8 °"H* 8i ?5s e8Is8I Dii 

DP  ■  67  9S  *  1.0455 

ORIGINAL  SBBIES  84  APTBR  DIFP. 


FORECASTS  PR  OH  PEBZOD 


FOBECAi 

I.QK 


95  PERCENT  LIMITS 
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B.  FZTTIIG  I  TBEHD  LZIB 

RBGBBSSZOI  OF  HOD  BLED  HBTO/KSF  TS  HOITH 


tt  EMU  SI$uud  HZSSZB6  TILDES 
THE  BJGBBSSZ^JQDJIJg^I^ 


XI 


COL OH H 
HOHTH 


CO 


■m 


SI 


MiT  SSW  H°!UI»WHtiUI IS! 

B~  SQUIBED  «  0.4  PBBCBIT 

UILTSZS  OF  TIBZIICB 


T. 

*  • 

27 

S 


SlD 

TIL 


0 

SZOI 

IL 


si 

33 


m 

III 


FB 

1 

1 

1 


M 

1.4*4 


hn 
If 


9 

1 


T- 

CO 


2.504 


II. 


x  ~>  ok!  bIIse*  xl?  ilu  esI  i?  IS  s  It  libge  zbflobicb. 

DOBBZB-BITSOH  STITZSZZC  -  0.44 
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■  ri 


WM»HU 


1*.C 


C.  BBGBBSSXOH  OP  BBTO/KSF 


IBATBEB  TARXABLBS 


COL  OH  I  COBFFglBIT  OF*go||!  COBF^S 

XI  ATG  TBBP  -0.1  i|0  A  0.2f|8  -Ol 

8  gg  -uml  iMlll  1: 


ATG  TBBP 

HOD 

COD 

PBECXP 


THE  ST. 
HXTH  ( 


BT.  OP  T 
A-  5)  * 


COBFFglBlH 

iil 


ABOUT  BEGBBSSXOB  LXIB  IS:  S 
79  DEGBBBS  OP  FBEEDOH 


0.07254 


T- RATIO  « 

-0.58 

1: 

1.37 


«  1.587 


B- SQUARED  *  89.7  PBBCEHT 


‘gftiW 0 

BBGBBSSXOI 

BBSXDOAL 
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E.  F  ITT  DIG  A  TREED  LIES 

REGRESSIOE  OF  MODELED  HBTO/KSF  7S  BOBTH 
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B.  FITTING  A  THEHD  LIMB 

BBGBBSSIOM  OF  MODELED  HBTD/KSF  VS  MONTH 
84  CASES  USED 

12  CASES  CO HT AIMED  MISSING  VALDES 
THE  BE^E|SIJM0|^AT^ON  FOB  MBHC  SAN  DIEGO  IS: 
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FI  75  OSE  *** 
PI  81  0SB  *** 
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22.1  - . 
20.502L 
21.4430 
18.3158 
18.9254 
19.8158 
23.2237 
23.5307 
25.8706 
24.6228 
28.0329 


J-4Jf? 


,9167 
18.3399 
18.2632 
17.9846 
20.7566 
20.6294 
24.9539 
24.9298 
25.8443 
27.2939 


|J:?W 

J2.0285 

22.6908 

16.7368 


17. 

18 _ 

21.241 
26.964 
25.3860 
25.9474 
25.6162 


'  i 

il 


"dm 

nil 


TIME  SERIES 
MB  TU/KSP 


****  *** 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 
******* 


******* 

8:SW 

25.4558 

19.6902 

20.8673 

21.4614 

23.8436 

25.9810 

24.6532 

28.9829 

25.2768 

f I: till 

20.4706 

V:Hll 

17.7234 

19.2124 

ii-Mti 

24.6602 
26.7564 
25. 4049 

21.5914 

19.9966 

19.9498 

21.5085 

17.9696 

iklffl 

21.9908 
24.7585 
23.9765 
26.0388 
26. 1732 

181 
T987 
*.8700 

21.3642 

24.0654 


TREND 

MBTU/KSF 


31:8121 


21.8837 

21.8946 

21.9055 

21.9164 

21.9273 

21.9382 

21.9491 

21.9600 

21.9709 

21.9818 


i8§ 

14 

22.0254 

22.0363 

22.0471 

22.0580 

22.0689 

22.0798 

22.0907 

22.1016 

22.1125 


£Ll34i 
22.1452 
22.1561 
22.1670 
22.1779 
22.1888 
22.1996 
22.2105 
22.2214 
22.2323 
22.2432 


22.2868 

22.2977 

22.3086 

22.3195 

22.3304 

22.3413 

22.3522 

22.3630 

22.3739 


60 


6  1 

II 

64 

65 

66 

67 

68 

69 

70 

71 

72 


73 

74 

75 

« 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 


mm 

30.1184 

22.4627 

21.2675 

19.3838 

20.5285 

18.3925 

19.3596 

22.2851 

24.3947 

22.4364 

28.4145 

26.8640 

25.5658 

25.6667 

22.3092 

22.0044 

21.4956 

23.4539 

21.6732 

23.5044 

29.8136 

25.8575 

24.0132 


ium 

25.5770 


8 


.1876 


20.1687 

mm 

17.5737 
18.9889 
21.7620 
25.6346 
24. 5994 
29.2552 
27.2719 

22.6971 

20.9537 

21.6018 

?l:!l87? 

19.1798 

20.5284 

23.6601 

25.7638 

27.3081 

28.8799 

26.8105 


22 .9995 
27.4991 
21.7961 
21.8813 
18. 1863 
18.7108 
20.8789 
23.1021 
24.9590 
26.4219 
26.3726 
26. 1972 


mm 

22.5047 

22.5155 

mm 

22.5482 

22.5591 

am 

22.5918 

22.6027 

22.6136 

22.6245 

22.6354 

22.6463 

22.6572 

22.6680 

mm 

22.7007 

22.7116 

22.7225 

22.7334 

22.7443 

22.7552 

22.7661 

22.7770 

22.7879 

22.7988 

22.8097 

22.8206 

22.8315 

22.8423 

22.8532 

22.8641 

22.8750 

22.8859 

22.8968 


PROJECTION  COMPARISONS 
PT  75  OSE  ****  296.655 
PI  81  OSE  ♦***  279.881 
CHANGE  ****  -5.7% 


PROJECTED  PT  81  OSE 

**** 

279.499 

272.4^4 

CHANGE  PROS  PT  75 

**** 

QO 

. 

in 

i 

-8.2% 

PROJECTED  PT  82  OSE 

**** 

273.004 

274.042 

CHANGE  PROH  PT  75 

**** 

o 

. 

CO 

1 

-7.6% 

246 


turn 

42.  1532 

m 

25.6681 
22.  8042 

18 :!??! 

81:  1118 
53.  7532 
45.5106 
46.4000 

itm 

23.7915 

Il-Mll 

32.4809 
36.2808 
38.8468 
43.8808 
43.9830 
45.  8553 
42.6000 


43.4815 


8:  IS? 
18:188! 
8?:?3!1 

§2-3984 

52.4958 

44.2044 

!!:HW 

22.4789 

21.6827 

23.9412 

28.6876 

36.3794 

81:1118 

45.0708 

43.0186 

41.7520 

11:8818 

28.0208 

25.7451 

If: §579 

11:1188 
41.9543 
44. 1309 
44.4665 
42.2428 


18:8118 

34.7095 

18:1188 

34.8362 

34.8785 

34.9207 

1!:8818 

li:8l9l 

11:8118 

35.2165 

11:1811 

35.3432 

11:1111 

I3:S?SS 

11:118! 

35.6389 

35.6812 

35.7234 

11:1818 

35.8502 

35.8924 

11:118? 

36.0192 

36.0614 

36.1037 

36.1459 

36.1882 

36.2304 


PROJECTION  COMPARISONS 
FT  75  USE  ***  421.799 
FT  81  USE  ***  416.757 
CHANGE  ***  -1.2% 

PROJECTED  PI  81  USE  ******  419.291 
CHANGE  FROH  FT  75  ******  -0.6% 


PROJECTED  FT  82  USE 


422.464 


CHANGE  FROH  FT  75  ******  0.2% 


425.893 

1.0% 

431.977 

2.4% 


60 


M 


10. 9625 

ill 


12.2814 


1:1189 

9.6972 

10.6921 

11.3392 

10.7114 


It  I 

11. 

it  fist 


if 


:J 

lV.122 

»:iWi 

9.7127 

10.3633 

11.5637 

11.0036 

10.9983 

10.8868 

i-.mi 


.280 
10.8185 
10.9344 
12.7581 
12.7941 

8:118 

11:Z?li 
U:  1  8 

11.7710 


U-7238 

13.3748 


10.9292 

18:S83 

ll:8itt 

11:H8 

11.1606 

11.1936 

I1?  rill? 
iirilll 

11:3® 

11.4250 

11.4581 

mm 

iiilioi 

11.6233 

11.6564 

i?:f!ll 

11:?® 
11.8216 
1 1.85U7 

1U9208 

11:111? 

i iiolll 

13:W1 


PROJECTION  COMPARISONS 


FT  75  OSE  ****  113.136 
FI  81  OSE  ****  137.742 
CHARGE  ****  21.7* 

PROJECTED  FT  81  OSE  *******  133.663  138.488 

CHARGE  FBOH  FT  75  *******  18.  1*  22.4* 


PROJECTED  FT  82  OSE  *******  148.160 
CHARGE  FBOH  FT  75  *******  31.0* 


143.248 

26.6* 


21  •  1486 
2516627 

mm 

19.0141 

m 


27.3868 

24.6509 


16.6982 

21.6785 

15:12 ?1 

24.4178 

§!: 
21.9466 
19.784 
20. 


24.0807 


20 l 8942 
24.^ of 8 

S:IS3 

21.9963 


22.2491 

22.1935 

22.1379 

22.0824 

22.0268 

mm 

21.8601 

mm 

21.5823 

21.5268 

21.4712 

21.4156 

21.3601 


111  1 934 

mm 

ilk 

!8:fSsl 

20.6933 


PBOJBCTI OH  COHP&BISDRS 
IT  75  USB  ****  310.161 
PI  81  OSB  **•*  260.974 
CH&I6Z  ****  -15.9* 

PROJECTED  PI  81  OSB  •****•  267.671 
CHAIGB  PBOH  PT  75  ****••  -13.7* 

PBOJBCTED  PI  82  OSB  ******  258.885 
CHAHGZ  PBOH  PT  75  ••***•  -16.5* 


259.988 

-16.2* 

251.987 

-18.8* 


SDH HA HI  OF  PROJECTIONS 
NRHC  LOIS  BEACH 


MONTH 


Ksr 


m 

36:950' 

U:tW 

ll-MIS 

37.8498 

48.7958 

41.9343 

44.1667 

Sj:3IS3 

^8.3662 

l!:im 

4o:*,r 


A:IV3 

36.1338 

30.1690 

Si:!?11 


nm 

ILii!! 

mm 

urn 

11:2388 


rias*§?ii?s 


******** 


36.5989 

mm 

37.6221 

38.7144 

ll:SIoI 

43.6900 

46.5558 

!?:f?8i 
11: 8131 

1t:?597 

38. 1417 

k'iiii 

43.1346 

40.4101 

41.0004 


TREND 

HBT0/KSF 


17. 


37.5702 

37.5306 

37.4911 

37.4515 

37.4120 

37.3724 

37.3329 

37.2933 

37.2538 

37.2142 


Mill 


37.0956 
^.0560 


37  L 
37.0164 
36.9769 
►  .9373 


36:1178 

11:15!? 


36.7791 

36.7396 


36.fi?4 
36.5418 
36.5023 
36.4627 
36.4232 

5t:?.8lf 

it  mi 


11:181? 

>.067: 


Il:8f7i 

Ii:lul4 


:!!?? 


:?181 


*  e  iitnt 


HOMTH 


fflll/tsi 


26:8564 
23.4  506 
24.0586 

mm 

IS:li5I 

PI! 

P 

27.6018 

Mil 

urn 

||:|||| 

2912130 

ii 

40.9938 

37.6265 

l:!ll 

IWSfl 

ISilIll 

32.4352 

3a.5723 

11:1547 

:  lifll 


SuEI&BY  OP  PBOJECrlDBS 
BBBC  HBHPHIS 

l»o?SIJ!S 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

21.7136 
23. 5313 
22.9053 
23.4844 
25.8451 
26.7902 

1|:?t1i 

26. 1474 

11:1181 

»:t  W 

mm 

il'AlVo 

Ml 

12:2S?8 

s-.uh 

tfrlill 

28.6266 

U:IM 

11:1811 

MS 

11:5118 

30.7665 


TBEVD 

HBTO/KSP 

24.5450 

24.6465 

24.7480 

24.8496 

24.9511 

25.0526 

^1:2557 

mm 


25.6618 

iUUi 

25.9664 

26.0679 

26.1694 

26.2709 

26.3725 

26.4740 

26.5755 

26.6770 

^618801 

m 

27.4892 

27.5907 

27.6923 

l?:a!2l 

27.9968 

28.0984 


111? 

4029 


1§:W? 

11:1881 

11:8111 

11:111? 

29.6212 

29.7228 

29.8243 

29.9258 

30.0273 

30.1289 

30.2304 


n 


>3 

>4 


17 

18 


*3 


71 

71 

72 


73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 


H 


8\ 

88 

9 


91 
9  2 

93 

94 

95 

96 


"r.Wl 


14c _ 

>4.6055 


:??!* 


11:1111 


til 
3K349! 


31.9896 
■>.0865 


37c 

li:l 

n-m 


1:1*4? 


34.6068 
36. 1641 
31.1292 


2:1131 


1.8973 
j. 9160 

11: SETS 

36.4136 

32.6384 


11:1111 

wm 

f  3. 1259 
3.0467 
34.5246 
37.1041 
38.2969 
33.5125 


3*: 703? 


34.3345 
f.47 


36, 


59 

480 


mm 

18:13?? 

mm 


11.2456 

11.3472 


31.4487 

31.5502 

31.6517 

31.7533 


11:11?! 


Ii:?l94 


624 


mtn 


__  »85 

11:P-Q0 


,9716 


H:HM 

33J777 

11:580? 

33.6822 

33.7838 

33.8853 

33.9668 

lS:iill 


PROJECTION  COMPARISONS 
PI  75  OSE  ****  277.277 
PI  81  OSE  ****  384.7  23 
CHANGE  ****  38. 8 X 


PROJECTED  PI 

81 

OSE 

*44** 

380.376 

388.958 

CHANGE  PROH 

FT 

75 

44444 

37.  2% 

40. 3X 

PROJECTED  PI 

82 

OSE 

44444 

392.735 

403.578 

CHANGE  PROS 

FT 

75 

44444 

41. 6X 

45. 6X 

Su HHABi  OF  PBOJECriONS 
HBHC  OAKL1BD 


m 

17.1008 

16.2731 

\hhii 

15.1271 

JV.l 

19.11 
18 
18 
18 
18 
19 

B 

19.4309 

18.9089 


******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 
17.3317 
2168 
9611 
7291 
5027 
9669 
4515 
9945 
8961 
19.3192 
17.1880 


m 

81! 
18.9022 
19.7563 

7526 
6539 


Sit 

81! 

ns 

HU 

9013 

0648 

im 

su 

9525 

4234 

im 

8602 

4406 

2433 


mm 

17.6643 

17.6964 

17.7286 

17.7607 

17.7929 

17.8250 

17.8572 

17.8893 

17.9215 

17.9536 

1:111! 
8.0501 
8.0822 
8. 1144 
8.  1465 
8.  1787 
8.2108 

I:  HI? 

18.3073 
18.  3395 


18.4359 

18.4681 


8.5324 

8.5645 

8.5967 

8.6288 

8.6610 

8.6931 

8.7253 

fclBt 

8.8217 
8.8539 
18. 8860 
18.9182 

1:1121 
9.0146 
9.0468 
9.0789 
9.  1111 

i-.m 

9.2719 
9.  3040 
9.3362 
9.  3683 
9. 4005 


\ 


3 


85 

M 
8 
8 

90 

91 
9“ 
9 

94 

95 

96 


3H??3 

21.2900 

20.4428 
20.7285 
18.8407 
19.8467 
21.5730 
18.9276 
19.1636 
20.2317 
18.4060 
19.6852 
24.0  5  6  9 
17.4 000 

20.2565 

18.7786 

19.5983 

18.8531 

18.5426 

19.3499 

18.9525 

20.2938 

16.8163 

20.4552 


iMW 


J417 
20.5582 


18.6062 

22.9356 

19.1283 

17.3645 

20.2855 

20.8131 

19.5530 

20.8500 

19.6846 


21. 

3778 

22. 

1702 

19. 

8105 

20. 

2411 

21. 

3974 

17. 

0698 

19. 

9234 

18. 

5450 

19. 

2441 

20. 

7885 

19. 

1682 

19. 

7187 

21. 

5441 

20. 

9062 

18. 

7461 

20. 

9411 

tfcJItt 

U:liii 

20.0712 

19.9775 

19.1778 

20.2595 

21.0886 

21.7286 

20.6440 


11:8331 

19.4969 

19.5291 
19. 5612 
19.5934 
19.6255 
19.6577 
19.6898 
19.7220 
19.7541 
19.7863 
19.8184 
19.8506 

19.  8827 

19.9149 

19.9470 

19.9792 

38:8811 

20.0757 

20.1078 

20.  1400 
20. 1721 

>043 
___ J364 
20.  2686 


»  w  m 

18: 


2{ 

i! 


3007 

3329 
3650 
3972 
.4293 

2oI 4936 

20.5901 

20.6222 

20.6544 


PROJECTI OH  COMPARISONS 
FT  75  USE  *♦**  192.755 
PI  81  OSE  231.714 


CHANGE  **** 

20. 

2% 

PROJECTED  FI81 

USE 

***  * 

237.292 

241. 101 

CHANGE  FBOH  FT 

75 

***  * 

23. 1* 

25.  IX 

PROJECTED  FI  82 

USE 

***  * 

240.201 

245.730 

CHANGE  FROM  FI 

75 

***  * 

24. 6X 

27. 5X 

258 


SUMMARY  OF  PROJECTIONS 
NRMC  ORLANDO 


MONTH 


ACTUAL 
MBTO/1 


7 

8 
9 

10 
1 1 
12 


H 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


n 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


IS 


1 

2 

3 

>4 

5 

>6 

57 


KSF 


ft 


.9198 


17.3962 

19.4245 

22.4858 

25.7170 

25.3302 

26.8113 


3*:33!3 


15.8679 

19.5849 

17.1792 

17.3962 

26.9198 

25.6038 
26.4245 
30.6934 
33.3773 

36.6038 


a 

?S: 


__34 

17.8915 
15.6462 
22.8679 
22.1604 
26.4811 
30.4198 
29.6557 
1764 


33.9, 


4.4! 
20.9009 
18.2170 
19.5330 
16. 1934 

iv.nn 

all6( 


U:m 

ikm 

'urn* 


18.86?9 
32.0755 
30.1509 


TIME  SERIES 
MBTO/KSF 


******* 


3 

14.5519 

ie 

>.4957 

4 

14.6085 

ii 

>.  1286 

5 

16.0849 

1! 

j.9250 

6 

15.5377 

1< 

>.8549 

18.9352 
19.3330 
21. 1864 
25.12  0  7 
26.0730 
27.2828 


WAtll 

17.9819 
16.7518 
19. 1236 
16.7188 
20.2695 
23.4166 
28.1669 
27.3551 
29.4803 
31.8404 


11:111? 


20.6988 
21.1338 
21.2193 
18.8302 
24.7551 
23.9682 
25.9212 
29.5925 
32.2964 
32. 9f 


1594 


24, 

21.5738 

10.1627 


17.58C 

B:i«i 

25.6726 

32.9608 

S:fiB 


I92‘ 
>314 
>939 
23.3960 
17.2686 
20.9572 
24.6047 
34.2234 


TREND 

SBTU/KSF 


17.97C 
18.1796 
18.3884 
18.5973 
18.8061 
19.0149 
19.2237 
19.4326 
19.6414 
19.8502 
20.0590 
20.2679 


18:1211 

20.8943 

21.1032 

21.3120 

21.5208 

21.7296 

21.9385 

22.1473 

22.3561 

22.5650 

22.7738 


23.4003 

23.6091 

23.8179 

24.0267 

24.2356 

24.4444 

24.6532 

24.8620 

25.0709 

25.2797 


11:2! 
25.9062 
26.1150 
26.3238 
26.5326 
26.7415 
26.9503 
27.1591 
27.3680 


11:13?- 


_ 132 

28.4121 

28.6209 

28.8297 

29.0386 

29.2474 

29.4562 

29.6650 


18:1811 

35.1273 

mm 

25.3349 

16.8538 

21.1226 

18.2217 

23.3632 

25.8255 

29.2736 

32.5566 

35.7311 

33.7075 

ivm 

28.3443 
30.5849 
29.6038 
36.9340 
44.3773 
36.1698 
39.6698 
30.5849 
48.6981 
36.3  868 


33.4291 
32.6800 
35. 1836 

11:811! 

29.2618 

11:11?! 
29.5962 
30. 1809 
29.5342 
34.9149 
36.0256 

31.8256 

31.2841 

35.8436 

23.5215 

26.5284 

25.6466 

34.8895 

40.0963 

40.6823 

37.5106 

34.267! 
32. 9387 
37.5726 
41.4543 
40. 1612 
41.6831 
38.8001 
48.4722 
42.6358 


18:8Z» 

30.2915 

18:9888 

30.9180 

31.1268 

31.3356 

31.9621 

32.1709 

32.3798 

32.5886 

32.7974 

33.0063 

33.2151 

33.4239 

33.6327 

33.8416 

34.0504 

34.2592 

34.4680 

34.6768 

34.8857 

35.0945 

35.3033 

i|:H» 

35.9298 

36.1386 

36.3475 

36.5563 

36.7651 

36.9739 

37.1828 

37.3916 

37.6004 

37.8092 


PROJECTION  COMPARISONS 
PT  75  OSB  ****  243.580 
FT  81  OSE  ****  445.726 


CHANGE 


****  83. OX 


PROJECTED  PT  81  OSE  ******  409.782 
CHANGE  PBOH  PT  75  ******  68.2% 

PROJECTED  PT  82  OSB  ******  478.886 
CHANGE  PROH  FT  75  ******  95. 6X 


409.857 
68. 3% 

439.928 
80. 6% 


SOUTH 


ACTUAL 

HBTO/KSF 


1:187 

4:1121 

12.6584 

16.2146 

16.5250 

11.9810 


1 


%-m 

9.6808 
8.4248 
8.7917 
9.0740 
10.4146 
10. 1888 
14.8740 
14.5353 
15.0997 
13.2088 

1:2111 

1:1122 
9.3611 
8.  3995 

1015632 

12:1111 

15.3264 

12.5767 

,-'5 

.  j  11 
1.8886 
7.6031 
8.1290 
8.8843 

1:1112 

14.7832 

13.9200 

11:2222 


1:2212 

1:1222 

11.0065 


S0HHAB7  OF  PBOJECTIDHS 

HBSC  PHILADELPHIA 

TIME  SEBIES 
HBTO/KSF 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

******* 

2:225? 

8.9978 

8.7888 

8.9535 

8.5402 

8.9765 

9.9617 

12.8080 

15.4982 

15.7655 

12.9978 

I- 

8.7724 
8.5085 
8.4910 
8.3162 
8.9095 
10.0872 
12.  5613 
15.4924 

51:1182 

2:2811 
8.5431 
8.  1682 
8.  2451 
8.  1362 
8.^:;' 

9.965. . 

12.  8906 
15. 1354 

15.6 

12.6 

58:1211 

8*.8503 

1:883 

9.3989 
9.9332 
12.8918 


TBERD 

HBTO/KSF 

18:1811 

10.3163 

10.3226 

; !8:lill 
18:1241 

10.3541 

10.3604 

10.3667 

10.3730 

18:1  IU 

10.3919 

10.3982 

10.4045 

10.4108 

10.4171 

10.4234 

10.4298 

10.4361 

10.4424 

10.4487 

18:2i?S 

«:«» 

10.4802 

10.4865 

10.4928 

10.4991 

W 

10.5180 
10.5243 

w.m 

18:1211 

10.5559 

10.5622 

18:lf§i 

10.5811 

10.5874 

18:1882 
18:1  m 

10.6189 

10.6252 

18:1141 

10.6441 

10.6504 

10.6568 


«:i 
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;.\V 


B  ** 


60 


It 


13.6143 

13.7401 

12.4093 


1:1111 

8.1650 

8.8663 

1 2^36? 

16.2939 

14.8552 

13.7941 


1 2.  sili 

13:18! 

11.7798 


15:918 

11.9375 


m 

8.44. 

8.  211 
8.57< 

8.  71: 
9. 1561 
9.9614 
13.0620 
14.6823 
14.8831 
12.6842 

1:1118 

8.9018 

':!!» 
4 
3 


18:1113 

10.6757 


2:12? 
10.0393 
12. 2763 
14.0184 
14.9681 
13.0949 

1:8385 

1:  llll 

8.3859 
8. 1628 
8.  9487 
9.8097 
12.4318 
14.9380 
15.2020 
12.9014 


18:989! 

10.7135 

10.7198 

10.7261 

10.7324 

10.7387 

10.7450 

10.7513 

U:n» 

10.7703 

i8:7s!I 

18:911? 

10.8018 

10.8081 

10.8144 

10.8207 

10.8270 

18:1111 

10.8459 

18:1111 

10.8648 

10.8711 

10.8774 

10.8838 

10.8901 

10.8964 

10.9027 


PROJECTION  COMPARISONS 


FT  75  OSE  ****  125.709 

FT  81  OSE  ****  121.791 

CHANGE  ****  -3.  IX 

PROJECTED  FT  81  OSE  *****  126.568  129.508 

CHANGE  FROH  FT  75  *****  0.7*  3. OX 

PROJECTED  FT  82  OSE  *****  125.315  130.416 

CHANGE  FROH  FT  75  *****  -0.3X  3.7X 
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imuiuMJHJMAe  0««0«00««!b)uw  wuiutuM«>uwMo»oioM  MrorsJtofo 

iU)CUMuO«  OtUIChliO^OlOflD^lOHA  0UK)aO«DCD>l(MA«U  K)  ^OiOOS'JO'U'CUJW' 


HOHTH  H 


S55?4If 


nm 

11.5787 

iliSloE 

ft.mi 

18.5685 

21.6419 

22.9866 


16.4556 

13.8304 

H:1B1 


13.1901 

13.9584 

15.0469 

Ittlll 

23.3067 

22.9866 

22.3463 

16.1994 

12^577 

U:5S1I 

14.3106 

15.4951 

ivm 

IlrSIU 

24.4379 


14.8548 

13.6383 

14.0224 

15.3030 

23.2427 

24.9074 

26.2521 

26.8390 

M 

15: III! 
11:3315 
33:183? 


SOHHABT  07  PBOJECTIOHS 
HRBC  POST SHOOTS 

tI8IIg?li?s 


24. 1S45 


13.1449 

11:!??? 

11:15!? 

16.9214 

22.6417 

24.3003 

25.1748 

23.2602 


Hill 

16.8455 

16.8624 

11:11!? 

16.9130 

16.9299 

If: IS?! 

16.9806 

\m 

17.0481 

17.0650 

17l8S88 

17ll3ii 

17.1494 
17. 1663 
17.1832 


13:3323 

11:1811 

17.2338 

!?:?!?! 

11:3381 

31:115? 

17.2845 

17.3014 

13:131? 

24*.52?8 

13:  ffl 

23.5876 

17.3858 

IS: ill! 

12.8708 

13:1 ??! 

17.4364 

11:115! 

13:551? 

B:J«1 

1715040 

16.5818 

22.4370 

17.5209 

17.5378 

?|:i?38 

23.3701 

13:1511 

17.5884 

ill  fill 

'frllW 

1:1 

13:1511 

13:5811 

Ji-JIll 

13:311! 

4671 

IW 


7643 

ml 

lIBf 

3144 

4553 

3183 

nn 

7775 

5819 

5473 

ilia 

1i|! 

ail? 

5482 

3488 

9476 

0551 

9899 


11.  1357 


11.1 


10.915 


WMl 


mi 

8:8311 

]:?Io2 

1:1111 

i:iii 

8:38!1 

m 

2.  8589 


11.3264 

9.4614 

18:1188 

11:8818 

11:111! 

11:8118 

11.0532 

11.0082 

18:iSie 

18:1181 

11.0016 

10.8826 

11:8811 

11:1218 

13:2111 

10.7836 


10.8590 

11.5163 

12.0529 


18:1228 


10.9849 

10.9966 

11.0082 

11:8182 

11:8321 

11:8818 

11:8828 

11:1121 

11.1364 

11.1480 

11:1381 

11.1830 

11.1947 

81:1883 

11:122! 

11.2529 

11.2646 

11:1281 

11:1222 

11:212? 

11:2388 


PROJECTION  COHPARISONS 
PI  75  OSE  ****  124.  651 
PT  81  OSE  ****  136.351 
CHANGE  ****  9.4% 


PROJECTED  PT  81  OSE 
CHANGE  PROH  PT  75 


*****  * 


133.765 

7.3% 


PROJECTED  PT  82  OSE  ******  134.890 

CHANGE  PROH  PT  75  ******  8.2% 


133.846 

7.4% 

135.524 

8.7% 


11 

to 

91 

92 

93 

94 

95 

96 


1!: 3321 
n:llll 
l§: III! 
II: ill? 

18.9939 

19.4592 

20.6061 

19.7881 

U:W$ 

15.1859 
if.  2989 

I!: III! 

19.1299 

20.9941 

11:131! 


li; Tell 
18:111? 
11:  MB 
11:, 


11:1138 

11:3388 

mh 

11:3181 

17. 

17. _ 

17.5542 

17.5802 


11:1813 

17.6583 

17.6843 

17.7104 

17.7364 

17.7624 

17.7884 

11:813! 

11:8811 

im 

17.9966 

18: 8811 
18.0747 
18.1007 
18.1267 
18.1527 
18.1788 
18.2048 


PPOJECTIOR  COHPARIS3HS 
PI  75  USE  ****  192.184 
FT  81  USE  ****  212.017 
CHARGE  ****  10.3 X 

PROJECTED  FT  81  OSE  *****  210.108 
CHARGE  FROH  FT  75  *****  9.3X 

PROJECTED  FT  82  OSE  *****  215.592 
CHARGE  FROH  FT  75  *****  12. 2X 


212.992 
10. 8% 

216.  740 
12.  8% 
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ttsmii  2 


&&xi  ssimex 


(Month  1 


SUMMARY  OF  DATA  FOR  MRHC  CAMP  LEJEUHB 
Oct  1974) 


HOHTH  HBTU  KSF  MBTO/KSF  AYS  TEMP  HDD 


4199 

isli 

5254 

3897 

3781 

476? 

4767 

7586 

10556 

11240 

5707 


9546 


fl.1l 


141 


459 

425 

378 

383 

289 

2l 

0 

0 

0 


8 


CDD  PRECIP 


2l  §5 
1.89 
4.37 
4.05 
4.40 
6.69 
1.91 
5.21 

4.04 

ttl 

Ul 

S:« 

11.*?  3 
8.58 
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SDH  HAST  OF  DATA  FOB  NRHC  CHARLESTON 
HO  NTH  HBTO  KSF  HBTO/KSF  AVG  TEMP  HDD  CDD 


PRECIP 


’It! 


10625 

11901 

12667 

11890 

14697 

11542 

12748 

10474 

9349 

9778 

8352 

8630 

9036 

10590 

10730 

11797 

11228 

12783 


9338 

9082 

111! 

8201 

9465 

9407 

11379 

lift! 

12446 


919| 
10045 
10347 
7632 
7899 
836  3 

m 

Nil! 

11681 


im 

7461 

7459 

’18119 

m 

13734 


If!  Ml 

III  18:81 


22.95 

23.30 
26.10 
27.78 
26.07 
32.23 

25.31 


m 

18:98 

56.90 

62.30 

75.10 

78.50 
79.20 

81.50 
76.80 


20.50 

21.44 

18.32 

18.93 
19.82 
23.22 
23.53 
25.87 

24.62 
28.03 

21 .42 

19 -.92 
18.34 
18.26 
17.98 
20.76 

20.63 
24.95 

24.93 
25.84 
27.29 


49.70 

44.80 

55.90 

62.30 
64.00 

70.30 

75.80 
81.00 
77.20 

73.90 


48.80 
38.70 
46.30 
60.60 
66.40 

72.80 
81.20 


22.03 

22.69 

16.74 

17.32 

18.34 

18:18 

11:11 

25.62 


11:1! 

81:98 

11:18 

?i:88 

81.10 

81.30 

77.40 


11:11 

11:11 

20.40 

25.67 

30.12 


45.41 
46.81 

57.41 
64.91 


82.00 
81.40 
76.5  0 


111: 

432. 

118: 

273. 

152. 

0. 

0. 

0. 

0. 

0. 


221. 
466. 
S  24. 
265. 
146. 
94. 
15. 
3. 
0. 
0. 
0. 

398: 

501. 

808. 

516. 

186. 

58. 

17. 

0. 

8: 

0. 


3  lilt  3 If  11:18  ill: 

39  10045  456  22.03  55.00  459. 


663. 

616. 

3  U: 

’8: 

8: 

0. 

51: 

399. 

181: 

2?8: 


318. 

414. 

449. 

516. 

361. 


1. 

1: 

54. 

107. 


m: 

588. 

518. 

417. 

71. 

71. 

1. 

0. 

0. 

13. 

106. 

242. 

414. 


514. 

378. 


71. 

241. 

335. 

533. 

514. 

354. 


3.00 
4.92 
3.54 
4.  54 
3.74 
5.06 

5.96 

9.34 

7.  18 
5.16 

1.97 
1.43 

3.35 
1.62 
0.95 
2.33 
0.62 

8.87 
5.59 

4.48 
5.22 
6.03 

4.  10 
3.57 

5.  12 
2.72 
1.  38 

5.31 
0.45 
4.66 
2.12 
3.86 

8.  13 

2.48 

2.49 
1.76 

5.88 

4.31 
1.82 

1:18 

4.68 

3.42 

6.19 

4.01 

5.06 


4.  13 

1:81 

1:81 

1:21 

8.35 

0.88 

15.36 
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SUMMARY  OP  DATA  POE  NRMC  CORPUS  CHRISTI 


MONTH  MBTU  KSF  MBTU/KSP  AVG  TEMP  HDD 


9604 

9558 

9558 

10509 

10231 

10486 

8120 

7899 

7273 

10521 

8560 

9036 

9048 

8154 

8363 

8120 

8224 

8386 

6933 

8746 

8514 

9686 

9442 

8816 


m 

7377 
6855 
7203 
8618 
8874 
8746 
8352 
864  2 
944  2 
8792 


7^14 
7377 
7690 
742  4 
8618 
8456 
9291 
8433 
8943 
10451 
10509 

IS  H 

6856 

6102 

5475 

6983 

9187 

10046 

11381 

12319 


264  36.20 

264  39.81 

264  38.75 

264  39.72 

264  30.76 

264  29.92 

264  27.55 

264  39.85 

264  32.42 

264  34.23 

264  34.27 

264  30.89 

264  31  .68 

264  30.76 

264  31.15 

264  31.77 

264  26.26 

264  33.13 

264  32.25 

264  36.69 

264  35.77 

264  33.39 

ill 

264  27.94 

264  25.97 

264  27.28 

264  32.64 

264  33.61 

264  33.13 

264  31.64 

264  32.73 

ill  11:33 
ill  38 :!! 

264  27.94 

264  29.13 

264  28.12 

264  32.64 

264  32.03 

264  35.19 

264  31.94 

264  33.87 

264  39.59 

264  39.81 

ill  33:8? 

264  25.97 

264  23.11 

ill  38:?t 

235  39.09 

235  42.75 

235  48.43 

235  52.42 

235  51.34 

235  42.15 


22:28 

57.50 

59.70 
60.10 

67.20 
75.00 

80.50 

83.40 

84.50 

83.30 
79.00 

74.40 

66.50 

58.50 

56.7  0 

64.40 
68.80 

73.50 
74.4  0 
81.60 

81.20 
83.00 

81.40 

8:18 

54.80 

50.30 

58.60 

66.00 

78*J8 

82.90 

84.60 

88:28 

2W8 

61.90 
49.20 

51.70 

63.90 

72.30 
81.00 

83.50 

85.8  0 

84.90 

81.90 

88:88 

59.10 

51.30 

!?:88 

88:88 

81.70 

85.50 

84.90 

78.80 


HDD 

CDD 

PBECIP 

4. 

289. 

3.57 

1 17. 

97. 

1. 76 

260. 

32. 

0.  83 

227. 

70. 

1. 94 

167. 

135. 

0.42 

77. 

154. 

0.05 

10. 

319. 

0.08 

0. 

486. 

1.67 

0. 

557. 

1.31 

0. 

608. 

4.05 

0. 

573. 

4.84 

0. 

422. 

6.70 

4. 

107. 

888: 

l:U 

247. 

52. 

1.21 

275. 

25. 

0.  15 

94. 

84. 

0.0 

45. 

170. 

0.  15 

2U: 

4551 

192. 

65. 

6. 

0. 

0. 

0. 

0. 

0. 


’18: 

3. 

4. 
18. 

104. 

206. 

435. 

545. 

616. 

677. 

621. 


3.  68 

5.95 
0.76 

11.92 

0.86 

2.54 

t:H 

2.30 
3.  11 
1.72 
0.96 
6.00 

1.96 
3.56 
1.  15 
0.39 
0.87 

8:81 
0.  84 
0.03 
2.20 
1.68 
12.04 
3.  92 
0.81 
10.83 

8:88 
1.82 
3.  93 


3.69 
4.28 
3.23 
3.  52 
2.  53 
13.77 


9303 

6600 

5290 

5§5? 
7099 
7 134 
10173 
11182 
12632 
10695 
10904 


8433 
6218 
5591 
5301 
567  2 
763  3 
8526 
9129 
10312 
10336 
10776 
10011 


39.59 
28.09 

22.51 
25.67 
22.80 
30.21 
30.36 
43.29 
47.58 
53.75 

45.51 
46.40 

26.46 

23.79 

22.56 

24.14 

32.48 

36.28 

38.85 
43.88 
43.98 

45.86 

42.60 


75.40 
63.30 

58.80 
60.00 
58.10 
67.60 

69.40 

77.80 

83.80 

85.80 
83.20 

82.40 


6. 

131. 

233. 

195. 

247. 

74. 

30. 

8: 

0. 

0. 

0. 


0.41 
0.  28 
1.02 
1.24 
1.01 
0.31 
0.  34 

i?:83 

1.  47 
14.79 
6.01 


71.30 

43. 

247. 

1.18 

S:M 

Hi: 

56. 

34. 

Mi 

46. 10 

2  94. 

4. 

2.55 

49.00 

221. 

41. 

1.91 

54.20 

90. 

57. 

2.37 

74.4  0 

0. 

288. 

0.98 

77.00 

0. 

378. 

8.64 

76.30 

0. 

535. 

3.02 

83.40 

0. 

580. 

5.  98 

83.70 

0. 

589. 

5.79 

80.70 

0. 

476. 

0.49 

SOn HAST  OF  DATA  FOR  NRMC  3REAT  LAKES 


Cl 


XT' 


MONTH  MBTO 

1  10695 

2  9774 

3  10695 

4  1103  2 

5  9709 

6  11008 

7  10498 

8  11635 

9  12621 

10  12853 

11  12632 

12  12725 

13  10753 

14  8978 

15  11484 

16  10022 

17  944  2 

18  10881 

19  12018 

20  11438 

21  14546 

22  12215 

23  11855 

24  12076 

a  urn 

27  10208 

28  11426 

29  1133  6 

30  10950 

31  10080 

32  1 1670 

33  11507 

34  12122 

35  13839 

36  11855 

37  10939 

38  10428 

39  10416 

40  11368 

41  10811 

42  9871 

43  9981 

44  11286 

45  1415  2 

46  1  5  53  2 

47  15706 

48  17145 

49  12690 

50  10811 

51  12447 

11  Mill 

54  11554 

55  1277  2 

56  12064 

57  15486 

58  15393 

59  14  198 

60  13166 


1201 
1201 
1201 
1201 
1201 
1201 
1201 
1201 
1201 
1201 
1201 
12  01 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

■1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

1201 

ii8i 

1201 

1181 

1201 

1201 

1181 

1201 

1201 

1201 


BTO/KSF 

AVG  TEMP 

HDD 

CDD 

PRECIP 

8.91 

52.80 

384. 

12. 

1.88 

8.14 

40.6  0 

724. 

0. 

2.47 

8.91 

30.20 

1072. 

0. 

2.  12 

9.19 

26.20 

1160. 

0. 

3.  69 

8.08 

26.20 

1078. 

0. 

2.48 

9.17 

34.10 

951. 

0. 

2.02 

8.74 

43.30 

543. 

0. 

5.50 

9.69 

62.30 

152. 

76. 

3.02 

10.51 

70.50 

30. 

203. 

5.07 

10.70 

75.50 

1. 

332. 

2.  19 

10.52 

76.30 

Q. 

358. 

7.  37 

10.60 

61.40 

147. 

46. 

0.80 

8.95 

55.80 

303. 

24. 

1.90 

7.48 

47.2  0 

531. 

1. 

2.53 

9.56 

31.50 

1033. 

0. 

3.05 

8.34 

19.90 

1392. 

0. 

0.85 

7.86 

35.20 

859. 

0. 

1.87 

9.06 

42.80 

581. 

0. 

5.  91 

10.01 

52.30 

411. 

36. 

4.05 

9.52 

11:18 

285. 

6. 

4.03 

12.11 

170. 

178. 

2.93 

10.17 

74.00 

0. 

286. 

1.  44 

9.87 

70.80 

9. 

196. 

1.29 

10.05 

62.70 

119. 

56. 

1.  49 

9.91 

10.65 

48.30 

32.40 

ill: 

a. 

0. 

1.41 

0.65 

8.50 

19.40 

1408. 

0. 

0.64 

9.51 

10.70 

1579. 

0. 

0.55 

9.44 

26.90 

1060. 

0. 

0.71 

9.12 

44.90 

516. 

0. 

3.67 

8.39 

55.00 

67.20 

332. 

39. 

2.62 

9.72 

115. 

191. 

1.88 

9.58 

69.30 

41. 

178. 

5.  12 

10.09 

77.50 

8. 

395. 

1.18 

11.52 

9.87 

71.90 

8. 

229. 

5.  39 

66.00 

42. 

76. 

6.07 

9.11 

8.68 

8.67 

9.47 

9.00 

8.22 

8.31 

9.40 

11.78 

12.93 

13.08 

14.28 

’8:8o 

10.36 
10.32 
10.88 
9.62 
10.63 
10.04 
12.89 
12.82 
11 .82 
10.96 


40.5  0 

24.20 
15.70 
16.80 
31.90 

47.50 
58.30 
67.60 

71:88 

68.80 

51.40 
40.8  0 
25.80 

12.50 

16.20 

36.40 

45.50 

18:18 

72.00 

71.00 

66.10 


741. 
1254. 
1521  . 
1346. 
1020. 
518. 
264. 
46. 
1. 
4. 
59. 

418, 

718. 

1206. 

1111: 

879. 

580. 

m 

16. 

19. 

62. 


l\  of 

1.96 


0. 

1.  48 

0. 

0.43 

0. 

1.  16 

0. 

3.94 

60. 

2.80 

132. 

6.  36 

227. 

4.  61 

243. 

1.96 

181. 

6.88 

2. 

1.08 

0. 

2.24 

0. 

4.  41 

0. 

2.  81 

0. 

1.02 

0. 

4.  49 

2. 

4.92 

61. 

164. 

1:1? 

241. 

2.  19 

213. 

7.57 

99. 

0.  02 

*t&!£i%Z<&Z£ZtiZ  &&om**»u>mu*++ 


SO  MM ART  OF  DATA  FOB  NRHC  JACKSONVILLE 


MONTH  MBTO  KSF  HBTO/KSF  AVG  TEMP 

181  111  8:11  IS:18 


7273 
7238 
7598 
8410 
944  2 
1060  2 
10416 
9268 
8676 
9338 


mi 

7667 

7516 

7076 

8247 

m 

10208 

9198 

18151 


mi 

8514 
8584 
5927 
6565 
9542 
10022 
9546 
930  3 

tna 


833 

8514 

7540 

7725 

8224 

8062 

13316 

m 


Ilso 

6658 

m 
67  ss 

6948 

6600 


Vuil 

11:11 

27.69 

31.09 

30.55 

27.18 

i?l38 

8:1* 

22.48 

22.04 

20.75 

24.18 
23.47 
21.87 
29.94 
26.97 

!8:o4 

8:8 

?5ll7 

17.38 
19.25 
27.69 

29.39 
27.99 
27.28 
29.15 
28.50 

1:1) 

22.11 

22.65 

24.12 

23.64 

39.05 

20.55 

22.86 

m i 

8:# 

16.36 

19.52 

1*:S 

8:H 

18.40 
20.68 
20.38 
19.35 


55-00 

58.60 

60.90 

60.50 

66.40 

75.50 

80.90 
80.00 

78140 

Ulii 

52.70 

48.70 
58.00 
65.00 

65.30 

71.40 

76.40 
81.80 

79.70 
76.80 

13:38 

44:®o 

50.00 

65.00 

67.00 

73.00 

ll-M 

8:18 

53.30 
48.6  0 
47.5  0 

58.70 

fS:18 

2?:I8 

®8:Io 

12:18 

55.10 

47.90 

t§:  §8 
31:88 

21:88 

80.40 

79.30 


lit: 

321. 

223. 

19§: 

59. 

0. 

0. 

0. 

0. 

0. 

iM: 

373. 

498. 

210. 

79. 

43. 

9. 

0. 

0. 


ill: 

414. 

102. 

46. 

0. 

0. 

0. 

0. 

0. 


CDD  PRECIP 


H:  tli 


It: 

324. 

525. 

371. 

160. 

’1: 

8: 

0. 

0. 


47. 

It 

U: 

109. 

334. 

482. 

474. 

508. 

406. 


0. 

1. 

107. 

115. 

255. 

499. 

559. 

531. 

462. 

'It 

10. 

5. 

0. 

31. 

131. 

311. 

441. 

527. 

497. 

390. 

'it 

24. 

1. 

13. 

36. 

ill: 

484. 

436. 


1.73 

3.48 

2.58 

2.46 

5.78 
7.00 
5.21 

6.36 

6.23 

5.24 

fcH 

1.79 
2.29 
1.05 
0.34 
0.63 

10.02 

4.26 
5.41 

6.37 
8.56 

3:Si 
3:  !J 

3.24 
1.03 
1.76 
3.07 
2.65 
1.97 

7.26 
7.45 

]:?? 

3.38 
4.64 
4.  17 

2.83 

2.24 
9.  18 

til 

2.39 

4.40 

J:iS 

1.84 
6.  28 
3.75 
1. 00 

til 

»:« 

4.78 

17.75 


726  2 
6566 
6  299 

3818 

7343 

8016 

8967 

10684 

\m 

10881 

1181 
8062 
7853 
6751 
8607 
8445 
8804 
1339  8 
8538 
11612 
10452 


21.30 

19.26 

18.47 

18:83 

17.32 
18.91 
21 .15 
25.20 
25.50 
24.46 
25.66 


18.52 

15.92 

18:28 

18:8 

20.14 

27.39 

24.65 


69.30 
62.00 

54.30 

53.30 

51.20 

62.40 

68.10 

75.20 

80.20 
83.70 
83.10 
80.90 

68.50 

12:28 

11:18 

88:28 

21:18 

84.40 
80.80 
76.00 


19. 

144. 

331. 

356. 

406. 

134. 

24. 

8: 

8: 

0. 


158. 

61. 

3. 

is: 

,!i: 


483. 

143. 

U3l 

8: 

ill: 

m-. 

608. 

497. 

336. 


0.25 

3.64 

2.01 

1:83 

!:?i 

3.01 

4.59 

5.29 

3.97 

3.03 

1:11 

0.92 

4.53 

5.41 

0.32 

1.48 

3.31 

2.46 

6.47 

1.22 


SUHHAR?  OP  DATA  FOR  HRBC  LONG  BEACH 


HOHTH  BBTO  KSF  BBTO/KSF  AVG  I  EBP  HDD 


CDD  PRECIP 


I 


t 


1 


4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

8 


24 


w 

15741 

14952 

15718 

16286 

17110 

17864 

18815 

17875 

18954 

15822 

16344 

15439 

15381 

16831 

14476 

15938 

17376 

15590 

17400 

ill?! 

13850 

15393 


mn 

1345  6 
13978 
1279  4 


13780 
13838 
15138 
1552  0 
16286 
1628  6 


Hilo 

16634 
14639 
1576  4 


4; 

4: 

4; 

4i 

4; 


>6 

6 

!6 


426 
4  26 
426 
426 
4  26 
426 
4  26 


ir.i 
II:1  : 


41.96 

44.49 

37.14 

9:3! 

36.11 

39.51 
33.98 
37.41 
40.79 
36.60 
40.85 

37.19 
36-41 

34.19 

32.51 
36.13 
30.17 
31  .01 
33.38 
35.89 
36.43 
35.29 

39.15 

37.31 

»:S 

30:03 

11:11 

32.48 

35.54 

36.43 

38.23 

38.23 

H:» 

28.19 

IglTT 

31.75 

32.68 

39.05 

34.36 

36.16 


66.70 

8:M 

60.10 

59.30 
59.90 

59.60 

66.30 
72.00 

73.60 
74.20 

74.30 

72.30 


57.70 

59.40 

55.50 

62.80 

|i:io 

7s:l8 

71.60 


56.20 

56.90 
64.00 
61.40 

68.90 

69.90 
72.60 
73.00 

74.20 


«:?* 

72.00 

73.50 

74.90 


Vi: 

331. 

254. 

180. 

246. 

227. 

#3: 

0. 

0. 

0. 

28. 

145. 

239. 

177. 

161. 

165. 

165. 

8. 

1. 

0. 

0. 

0. 

0. 

1  SI: 

157: 

2?5: 

72. 

1. 

0. 

0. 

0. 

ill: 

265. 

223. 

88. 

104. 

H: 

0. 

0. 

0. 

4. 

i¥J: 

344. 

fW: 

41. 

30. 

1. 

0. 

0. 

0. 


87. 

48: 

0: 

0. 

0. 


248. 

243. 

282. 


m 

0.09 
4.44 
3.60 
1.49 

li:  o0:?1 


0.0 

0.0 

0.0 

0.25 
0.13 
0.  21 
0.0 
2.40 
0.66 
1.  18 
0.01 
0.  14 
0.0 
0.03 
1.45 

.07 
.98 
..43 
1.80 
0.35 

0.0 

2.32 

0.0 

1:83 

0.02 

y3 

7.62 
8.60 
6.  17 
0.80 
0.0 
0.0 
0.0 
0.0 
1.04 


279 


SOU  HAST  OP  DATA  FOB  HRHC  SEHPHIS 


HO  NTH  HBTO  KSP  HBTO/KSP  A  VG  IBHP 


til! 

759  8 
7795 

7586 

8595 

111! 

m 

7714 

7772 

8004 

8201 

8943 

7748 

7725 

9361 

9048 

9094 

6890 

7110 
7690 
6797 
7400 
886  2 
9465 

1154  2 
11866 
12829 

'm 

8723 
7980 
8178 
1009  2 
9941 
11101 
10509 
1118  2 
12910 
12806 

US8 

8804 
806  2 

m 

%%>% 

10684 

10046 

11206 

7111 


11:18 

19.73 

20.84 

23.45 

24.06 

f,:?8 

Il:il 

il:li 


324  22. 9  i 

3  24  23.81 

324  23.99 

3  24  24.70 

324  25.31 

324  27.60 

324  23.91 

324  23.84 

324  28.89 

324  27.93 

3  24  28.07 

324  21.27 

324  21.94 

324  23.73 

324  20.98 

If.  Mi 
If,  11:11 

324  36.62 

324  39.60 

3  24  40.99 

324  37.63 


324  26.92 

324  24.63 

324  25.24 

324  31.15 

324  30.68 

324  34.26 

if,  ii-.n 

324  39.85 

324  39.52 

If.  11:18 

324  27.17 

324  24.88 

If  18:51 
If  11:11 

324  32.98 

324  31.01 

324  34.59 

289  24.61 


!1:88 
81:18 
81:18 
11:18 
2i:f  8 
11:18 


11:11  15:88 
11:81  MS 


44.1  0 

39.50 
53.80 

58.50 

63.60 

65.60 

76.40 

81.50 

78.90 
73.00 

58.90 

55:88 

30.70 

81:1 

H:»8 

81:18 

11:88 

11:18 

35:1o 

18:38 

18:18 

11:18 

11:18 

11:18 
33:81 
18: 8 

11:88 

77.90 

82.60 

80.90 

73.40 


231. 
581. 
708. 
1056 . 
547. 
212. 
61. 
4. 
0. 
0. 


m 

1049 


CDD  PBECIP 

46.  2.67 

23.  4. 96 

0.  5.03 

8.  4.65 

ill  SI 

2  8^72 

SM:  3:  SI 
Hi:  l:ll 

'll:  ?:W 

2.  2.93 

0.  2.85 

7.  4.41 

44.  7.68 

64.  2.41 

84.  4.73 

349.  4.06 

519.  3.82 

438.  0.86 

247.  5.40 

48.  5.66 

0.  1.83 

0.  1.79 

0.  2.57 

23.-  i'M 

III:  J:» 


362. 

516. 

619. 

Ill: 


0. 

0. 

ii: 

i*8: 

394. 

553. 

499. 

259. 


3.38 
3.41 
1.62 
6.43 

til 

3.39 
8.  13 
1.31 
4.05 

2.  14 
8.  14 
4.45 
3.89 
9.65 
1.52 

l:ll 

13.  12 
5.98 

1:18 

Ml  78 
4.93 

3.  12 
5.92 
4.49 


61 

11 

64 

65 

66 

67 

68 

69 

70 

71 

72 


» 

76 

77 

78 

79 

80 
81 


8 

84 


8630 
854  9 
8016 
8375 
828  2 
8027 
8816 

9  13 

9860 

9709 

10382 


Wot 


6658 

8909 

8712 

lift 

1 953S 
10649 
10486 
10138 


Mi  « 

1! 


1 


87?3  \ 


29.86 

29.58 

27.74 

28.98 

28.66 

8:8 


14.12 

33.60 

35.92 


65.80 
50.70 

45.40 
43.2  0 

39.50 

49.40 
60.90 

2§:i8 

88.80 
87.20 

80.50 


11:1 

45.9 


%:18 


?c!:§8 


82. 


76. 

108. 

2.60 

426. 

4. 

7.  42 

598. 

0. 

4.  92 

669. 

0. 

3.23 

733. 

0. 

1.  12 

478. 

0. 

10.  86 

156. 

40. 

7.53 

7. 

249. 

4.43 

0. 

480. 

5.75 

0. 

744. 

4.73 

0. 

695. 

1.23 

5. 

476. 

5.32 

146. 

80. 

3.  H 

Ill: 

18. 

2. 

5.23 

1.86 

739. 

0. 

1.38 

492. 

5. 

3.66 

*«: 

20. 

181. 

4.98 

3.67 

23. 

184. 

7.06 

0. 

532. 

2.93 

8: 

131: 

1.71 

4.21 

9. 

285. 

0.61 

19094 
19  360 
17597 
18537 
20149 
17678 
17899 
18896 
17191 
18386 
22469 
16252 

mt 


17609 

17319 

18073 

17702 

18954 

15706 

19198 

17992 

19105 


20.44 

20.73 

18.84 

19.85 
21 .57 
18.93 
19.16 
20.23 
18.41 
19.69 
24.06 
17.40 

19.60 

18.85 

18.54 
19.35 
18.95 
20.29 
16.82 

20.55 
19.26 
20.46 


62.60 

54.10 

50.90 

50.50 
54.40 
53.00 

55.90 
56.30 

59.90 
63.00 

61.50 

63.20 

M 

62.20 

65.50 

64.50 

68.00 

68.10 
68.10 
64.10 

64.90 
64.6  0 


85. 

320. 

431. 

441. 

298. 

366. 

269. 

261. 

155. 

76. 

Hi: 

436. 

424. 

301. 

358. 

279. 

180. 

53. 

112. 

65. 

71. 


2.20 
1.94 
4.30 
4.85 
7.62 
2.65 
0.90 
0.  24 
0.  03 
0.  10 
0.0 
0.0 


i:ii 
2.  21 
3.60 
0.24 
0.07 


284 


SUBBARY  OF  DATA  FOR  NR.1C  ORLANDO 


BONTH  BBTU  KSF  BBTU/KSP  AVG  TEBP  HDD 


111? 

18 » 
3410 
3294 
3688 
4118 
4767 
545  2 
5370 
5684 


313  IS:??  2?:S8 


4883 
3364 
415  2 
364  2 
3688 
5707 
5428 
560  2 
6507 
7076 
7760 

2818 
4373 
3933 
3793 
3317 
4848 
4698 
5614 
644  9 

m 

118? 

4431 

3862 

4141 

3433 

3514 

5069 

6925 

7029 

1118 

1188 

6148 

4362 

8811 


212 

14.55 

60.90 

153 

212 

14.61 

65.80 

73 

212 

16.08 

67.60 

44 

212 

15.54 

67.40 

57 

212 

17.40 

72.40 

10 

212 

19.42 

79.10 

0 

212 

22.49 

80.80 

0 

212 

25.72 

80.5  0 

0 

212 

25.33 

82.30 

0 

212 

26.81 

80.70 

0 

111  33:81 

212  15.87 


19.58 

17.18 

17.40 

26.92 

25.60 
26 .42 
30.69 
33.38 

36.60 


313  31:3! 
313  38:83 

212  17.89 

212  15.65 

313  33:11 

212  26.48 

212  30.42 

212  29.66 

212  33.98 

313  38:81 

212  20.90 


6800 
6392 
653  1 
7378 
744  7 


212  16.22 
212  19.53 

212  16.19 

212  16.58 

212  23.91 

212  32.67 

212  33.16 

212  34.20 

212  36.60 

313  33:31 

212  29.00 

212  20.58 

313  11:38 

212  18.87 

212  32.08 

212  30.15 

212  30.81 

212  34.80 

212  35.13 


21:88 

60.20 

56.50 

63.70 

70.40 
71 .3  Q 

76.80 

79.70 

82.40 

81.90 

80.50 

21:88 

58:6° 

57.40 

69.70 

70.60 

75.20 

82.60 
82.00 

81.50 
82.60 

21:18 

61.00 

56.80 

55.80 

66.30 

73.40 

79.30 

82.90 

83.60 

82.60 

81.70 

66.80 

58.20 

58.40 
64.6  0 

73.40 

75.40 

80.70 

83.30 

82.40 

81.30 


si: 

174. 

278. 

104. 

18. 

1. 

0. 

0. 

0. 

0. 

0. 

4. 

118. 

197. 

440. 

218. 

41. 

8. 

0. 

0. 

0. 

0. 

0. 


125. 

43. 

105. 

121. 

141. 

237. 

442. 

481. 

489. 

541. 

479. 

Ill: 

32. 

18. 

75. 

194. 

196. 

374. 

449. 

549. 
529. 
474. 

2tl: 

49. 

1. 

13. 

192. 

182. 

324. 

534. 

537. 

521. 

536. 

112: 

62. 

26. 

3. 

116. 

259. 

449. 

541. 

550. 
553. 
508. 


330. 

479. 

575. 

546. 

498. 


PRECIP 

8:1? 
1.  62 
0.98 

1. 49 
1.10 
1.36 
7.52 

9.70 
9.26 

4.75 
4.97 

8:2? 
0.51 
0.  37 
0.83 
1.72 
2.  16 
10.36 
9.93 
7.05 
3.25 

5.87 

0.74 

2.03 

2.77 

1.81 

1.76 
1.82 
0.  14 

1.47 

4.47 
6.61 
6.28 
7.03 

8:28 

3.70 

2.49 

5.49 

2.  14 
0.  61 

3.  16 
10.00 
11.92 

5.  13 

4.  31 

1.51 
0.  18 
3.69 

6.  48 
1.45 
3.  24 
1. 08 
7.66 
4.00 
7.95 

5.88 
9.  19 


V* 


I 


SUMMARY  OF  DATA  FOB  NBMC  PORTSMOUTH 


MONTH  MBTU 

KSF 

MBTU/KSF 

AVG  TEMP 

HDD 

CDD 

PBECIP 

1 

nw 

10  87 

18.06 

58.70 

213. 

26. 

1.  23 

2 

1087 

14.53 

53.50 

371 . 

32. 

1.  22 

3 

1258  6 

1087 

11  .58 

46.00 

584. 

0. 

3.  81 

4 

13085 

1087 

12 .04 

46.00 

584. 

2. 

4.  18 

5 

15034 

1087 

13.83 

45.4  0 

547. 

3. 

4.  18 

6 

13572 

1087 

12.49 

47.40 

541. 

0. 

5.72 

7 

12319 

1087 

11.33 

52.70 

382. 

22. 

4.  19 

8 

20184 

1087 

18.57 

68.30 

47. 

157. 

3.37 

9 

23525 

1087 

21  .64 

77.00 

0. 

366. 

1.16 

10 

27770 

1087 

25.55 

78.60 

0. 

429. 

13.73 

11 

2630  9 

1087 

24.20 

79.60 

0. 

460. 

0.74 

12 

24986 

1087 

22.99 

72,30 

6. 

233. 

4.  82 

13 

18792 

10S7 

17.29 

63.40 

98. 

55. 

3.  19 

14 

17887 

1087 

16 .46 

55.70 

290. 

17. 

1.  63 

15 

15034 

1087 

13.83 

43.20 

571. 

0. 

3.  62 

16 

13920 

1087 

12.81 

38.90 

904. 

1. 

2.  51 

17 
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1.  CU BULAT ITS  PROBABILITIES  OF  STABDARD  NORBAL  DISTRIBUTION 

Entry  is  area  1  -  a  under  the  standard  normal  curve  Croat  —  «  to  rtl  -  «) 
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